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ABSTRACT

Thirty-three measured sections, nine with thin sections and
insoluble residues, were studied to determine the depositional history
of the Allan Mountain Limestone and the lower member of the Castle Reef
Dolomite of the Madison Group in northwestern Montana.
The Allan Mountain base is a fossiliferous limestone, herein named
the Brownback Gulch Member, which thickens and becomes cherty to the
southwest where the section at Lone Butte resembles that of the Bridger
Range Waulsortian-type reefs.
conformity at the top.

A crinoidal lag deposit marks a dis-

In the overlying silty limestone member a thin

black shale (Unit 1) grades into normal marine, rhythmic laminated and
dense mudstones

(Unit 2).

Silty limestone (Unit 3) formed as terrigenous

sediment prograded the craton from the northwest.
residues increase northwestward.

Dolomite and insoluble

The middle member changes upward from

cherty, rhythmic laminated and dense spicular mudstones deposited below
wave base to massive wackestones with reticulate chert deposited near
wave base.

A sponge spicule silica source is postulated.

Seven cycles with silty dolomite and cherty wackestone at the base
and a bryocrinoidal grainstone top developed in the upper member and the
lower member of the Castle Reef in response to water depth and salinity
change.

A northwestward change from massive carbonates to dark cherty

carbonates suggests deepening water, possibly a shelf margin.

Insoluble

residue, dolomite, organic matter and chert increase to the northwest
as the fossil content, crinoid grain size and member thickness decrease.
A structurally positive area "Montana Island" and a northwestern
terrigenous source are postulated.

Silty dolomite marker beds formed

early in hypersaline waters while others developed by seepage refluxion.
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I.

INTRODUCTION

Exposures of Lower Mississippian rocks of Kinderhookian and Osagean
age were studied in the Sawtooth and Lewis and Clark Ranges in order to
determine their environment of deposition and whether northwestern
Montana had cyclic sedimentation similar to that described by Wilson
(Per. Comm. , 1972) in the Little Belt and Big Snowy Mountains of
Montana; Spreng (1953) in the Sunwapta Pass Area, Alberta; and McKee
(1960) in the Redwall Limestone of the Grand Canyon Area, Arizona.
These studies include rocks of the same age as those of this paper, at
least in part, and therefore offer possibilities for comparison.

A . Description of the Area
The area includes that portion of the Sawtooth and Lewis and Clark
Ranges extending from the western margin of the High Plains section of
the Great Plains to Lone Butte and Pentagon Mountain, both of which are
west of the Continental Divide.

The area extends north from Allan

Mountain (AM in figure 1) on the south side of Gibson Lake (GL) to Bad
ger Creek and is within the Lewis and Clark National Forest on the east
side of the Continental Divide and within the Flathead National Forest
on the west side.

The Bob Marshall Wilderness Area encompasses the

eastern part of the Flathead National Forest and the western part of
the Lewis and Clark National Forest in the vicinity of the Continental
Divide.
The Sawtooth Range is a series of rugged north- to northwest
trending thrust block ridges of Paleozoic carbonate rocks and valleys
developed on Mesozoic siltstones and mudstones (Figure 2).

The total

relief is about 5,000 feet with elevations ranging from 4300 feet at
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BCG
LPM
MR
PC
BM
WR II
WR I
CR
MW
PM
SBM
WR
RCP
MFTR
I
MFTR
II
BP
CM
ChM
CB
HP
SFDC
SH
NFDC
AP
LB
SM
GP
GL
GD
BC
HG
D
SR
AM

Badger Creek Gorge NW h, Sec. 10, T.29 N., R.ll W.
Little Plume Mountain SE h, Sec. 10, T.29 N., R.ll W.
Mount Richmond NW h, Sec. 32, T .28 N . , R.10 W.
Pinto Creek NW
Sec. 29, T.27 N., R.10 W.
Bumshot Mountain NW h , Sec. 36, T.26 N . , R.10 W.
Walling Reef II NE h , Sec. 22, T.27 N . , R.9 W.
Walling Reef I SW k , Sec. 23, T.27 N . , R.9 W.
Corrugate Ridge SW h, Sec. 22, T.26 N . , R.10 W.
Mount Wright NW h, Sec. 36, T.26 N., R.9 W.
Pentagon Mountain NW h , Sec. 14, T.25 N . , R.12 W.
Spotted Bear Mountain NW h, Sec. 25, T.25 N., R.15 W.
Wapiti Ridge SE ^ , Sec. 28, T.25 N., R.10 W.
Route Creek Pass SE h, Sec. 1, T.24 N . , R.10 W.
Middle Fork Teton River I SW h , Sec. 31, T.25 N . ,
R.9 W.
Middle Fork Teton River II SW h , Sec. 28, T.25 N.,
R.9 W.
Beaver Pond NW ^ , Sec. 27, T.25 N., R.9 W.
Cave Mountain SE h, Sec. 22, T.25 N . , R.9 W.
Choteau Mountain SW h, Sec. 25, T. 25 N . , R.9 W.
Crab Butte NW k, Sec. 31, T.25 N., R .8 W.
Headquarters Pass NE h, Sec. 20, T.24 N . , R.9 W.
SE h, Sec. 18, T.24 N . , R.9 W.
South Fork Deep Creek NW h, Sec. 16, T.23 N., R.9 \
Sulphur Hill SE h. Sec. 13, T.23 N., R.10 W.
North Fork Deep Creek SW h, Sec. 4, T.23 N., R.9 W.
Arsenic Peak NW h, Sec. 7, T.22 N., R.9 W.
Lone Butte SW h, Sec. 23, T.23 N . , R.13 W.
Sheep Mountain SW h, Sec. 19, T.22 N . , R.10 W.
Gibson Peak SE h, Sec. 36, T.22 N., R.10 W.
NE %, Sec. 1, T.21 N . , R.10 W.
Gibson Lake SE h , Sec 5, T .21 N . , R.9 W.
Gibson Dam SE h, Sec. 4, T.21 N . , R.9 W.
, T .21 N ., R
Beaver Creek NW
Sec. 8 ,
9 W.
Home Gulch NW h , Sec. 35, T.22 N. , R .1
Diversion Ridge NW h , Sec.. 36, T.22 N
Sawtooth Ridge SE h, Sec. 12, T .21 N. R.9 W.
Allan Mountain SE h , Sec. 19, T .21 N.
NW h, Sec. 18, T .21 N. , R.9 W.
*
**

Measured section with samples
Measured section with samples and thin sections

Figure 1. Index map of the study area. Key to abbreviations
used for section locations (listed approximately from north
to south). All locations are from the U.S. Forest Service
maps of the Bob Marshall Wilderness Area and the Spotted Bear
Ranger District.

**
**

*

*

**
**
**
*
*

*
*
**
*

*

**
*
*

*

*

*
**
*

**
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Figure 1.
Index map of the study area. A key to the abbreviations
of section locations is on the facing page.

4

Figure 2. View south from Cave Mountain showing the imbricate thrusting
of the Sawtooth Range. The exposures are Madison Group limestones and
the fault planes occur in the saddles.
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the Diversion Dam (D) on the Sun River to 9392 feet at Rocky Mountain,
one mile southwest of the Headquarters Pass (HQ) section.

The imbricate

thrust faults are part of the Montana Disturbed Belt (Mudge, 1970, p.
378) which was formed by thrusting associated with the Laramide Orogeny
(Alpha, 1955, p. 13).

Pleistocene alpine glaciation has added to the

ruggedness of the area.
The Lewis and Clark Range, which spans the Continental Divide, is
characterized by rugged mountains developed on resistant Paleozoic rocks
which were broadly folded and faulted during the Laramide Orogeny
(Clapp, 1932, p. 16).

The mountain ridges trend north-northwest, al

though not as prominently as those of the Sawtooth Range.
Access to the study area is by way of secondary gravel roads link
ing nearby towns to the margins of the area and by a network of forest
service trails within the area.

The southeastern portion of the area is

accessible by secondary motor roads 108 and 235 which extend from
Augusta to Gibson Lake and to Benchmark, respectively.

The east-central

part of the area is accessible by secondary motor road 109 which
joins U.S. 287 one mile south of Choteau and extends to a point near
Headquarters Pass and secondary motor road 144 which extends from U.S.
287 at a point seven miles north of Choteau to the base of Mount Wright.
The northeastern part of the area is accessible by a gravel road
connecting Dupuyer and Swift Reservoir.

The only motor vehicle access

to the western margin of the area is by secondary motor road 38 from
Martin City on U.S. 2 to Spotted Bear Ranger Station and a secondary
motor road 285 which links U.S. 2 at Hungry Horse Dam to secondary motor
road 38 on the south end of the Hungry Horse Reservoir.

Logging roads

extend up the Spotted Bear River to Milk Creek and up the South Fork of
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the Flathead River to Gorge Creek.
A network of forest service trails suitable for backpacking and
packhorse travel is maintained throughout the Lewis and Clark National
Forest and the Flathead National Forest.
A safety rope is advisable for many sections used in this study.

B.

Previous Work
The first significant study of Madison stratigraphy in the Sawtooth

and Lewis and Clark Ranges was made by Deiss (1933) during a study in
which he divided the Madison limestones of the southwest Saypo Quad
rangle into five members on the basis of lithology.

After study of the

area, Sloss and Laird (1945) discarded Deiss' subdivisions and estab
lished four lithologic units designated by letter and number.

Mudge,

Sando and Dutro (1962, p. 2004) modified these divisions slightly and
named the lower part of the section the Allan Mountain Limestone and
the upper part the Castle Reef Dolomite.
into members.

These were in turn subdivided

Mudge et_ al^. (1962, p. 2009) also recognized Madison bio-

stratigraphic zones A through D of Sando and Dutro
the Sun River area.

(1960, p. 121) in

Theses on Mississippian stratigraphy have been

completed on parts of the southern Sawtooth Range by Holcombe (1963) ,
and Merrill (1965).

Ore (1959) , Hansen (1960), and Osborne (1963)

completed theses in the vicinity of Blackleaf Canyon in the east-central
part of the Sawtooth Range.

Hall (1955) studied sections for analysis

of Mississippian stratigraphy at Cave Mountain in the east-central
Sawtooth Range and at Pentagon Mountain in the Lewis and Clark Range.
No specific studies have been made on the depositional setting of
the Mississippian rocks of this study.
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C.

General Geology
The bedrock of the area consists of Precambrian, Paleozoic and

Mesozoic sedimentary rocks having an aggregate thickness of approximate
ly 19,000 feet tMudge, 1972a, p. 5).

Precambrian rocks crop out in the

Lewis and Clark Range as a result of the Lewis Thrust.

Overlying

Cambrian rocks and local Devonian and Mississippian carbonates consti
tute the remaining exposures in the Lewis and Clark Range.
Paleozoic and Mesozoic rocks comprise the imbricate thrust blocks
of the Sawtooth Range.

The sole of the thrust sheets is within incom

petent Cambrian shales in the central part of the Sawtooth Range from
Wapiti Ridge south to Allan Mountain and within incompetent Devonian
and Mississippian beds in the western and eastern ridges of the Sawtooth
Range.

Most ridges in the Sawtooth Range are formed by the resistant

Madison limestones of Mississippian age while the valleys are best
developed on the more easily eroded Mesozoic rocks.

Figure 2 shows the

relationship of imbricate thrust blocks of the Madison limestones.
Igneous rocks are represented by a large Late Cretaceous or Early
Tertiary trachyandesite sill (Mudge, 1972a, p. 75), which crops out from
the western end of Gibson Lake to the north side of Headquarters Creek
(Deiss, 1943, p. 145), a total distance of approximately twenty miles.
The Precambrian sedimentary rocks are marine shales, siltstones
and sandstones whereas the Paleozoic rocks are dominantly carbonates of
Cambrian, Devonian and Mississippian ages.

The Mesozoic rocks are

clastic marine and continental rocks deposited during the Jurassic and
Cretaceous periods (Mudge, 1972a, p. 5).

These units were deposited in

an area transitional between the Central Stable Platform to the east and
the Cordilleran Geosyncline on the west (Alpha, 1955, p. 137) .
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II.

A.

INVESTIGATION PROCEDURES

Field Study
Of the 33 sections measured in the study area. Diversion Ridge,

Lone Butte, Allan Mountain, Headquarters Pass, Pentagon Mountain, Mount
Richmond and Badger Creek Gorge were measured in detail and sampled for
thin section and insoluble residue studies to provide east-west and
north-south comparisons within the area.

The lower member of the Allan

Mountain Limestone was not measured at Diversion Ridge, Mount Richmond
and Badger Creek Gorge while the Castle Reef Dolomite was not studied
at Allan Mountain.

Sections were measured partly with a carpenter's

rule and partly with a Jacob's staff.

Samples were usually selected at

random for each 5 feet; however, the selection procedure and density
were altered to show the nature of key beds.

The remainder of the 33

sections were measured in lesser detail to show lateral changes in
lithology, the lateral continuity of key beds, and the relationship of
cycles first noted at Gibson Lake and Mount Richmond.

In most of

these sections the interval from the base of the middle member of the
Allan Mountain Limestone to the middle of the lower member of the
Castle Reef Dolomite was studied.

In addition to the lithologic

description, chert and bioclastic grain percentages were estimated for
each one-foot interval of these sections.
Lower Mississippian exposures were measured for regional comparison
in neighboring areas (Figure 3) at Crowsnest Pass, Alberta; Logan,
Montana; Fairy Lake in the Bridger Range; Dryfork Creek in the Little
Belt Mountains; and Beaver Creek in the Big Belt Mountains.

Samples

were collected at Crowsnest Pass, Fairy Lake and Dryfork for thin
section and insoluble residue studies.

Lower Mississippian exposures

9

Figure 3. Location map of the study area and surrounding reconnais
sance sections.
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were also examined but not measured at Mackay, Idaho and Lodgepole,
Montana.
The rock color, texture, lithology, sedimentary structures, chert
type and abundance, fauna, and bed thicknesses were recorded.

The color

of the weathered surface was recorded in the field while the color of a
fresh fracture was determined on hand samples in the laboratory with
the aid of a Geological Society of America rock-color chart.

Hydro

chloric acid and physical properties were used to determine the lith
ology.

The relative abundance and identification of brachiopods and

both solitary and colonial corals were recorded because they are the
dominant identifiable faunal elements for environmental determination
and regional biostratigraphic zonation of Mississippian rocks.

A more

detailed description of field study techniques follows.

1.

Carbonate Texture
The following chart, a modification of Wentworth's grain size

chart, combines visual properties and size dimensions for classification
of carbonate textures in the field.

Grain Size

Dimensions

Description

Coarse

more than 2 mm

Grains measurable in the
field

Medium

1/16 - 2 mm

Grains measurable

Fine

less than 1/16 mm

Grains visible

Very fine

Grains not visible; smooth
conchoidal fracture

The classification was applicable to limestones in the thesis area
except where difficulty was encountered in fine-grained limestones with
a high percentage of bioclastic material, particularly crinoid grains,
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which gives the unit a coarse appearance where they weather in
relief.
2.

Chert Types
Chert colors and shapes appear to be quite variable and grade from

one type to another.
in the field.

Nonetheless, several types can be distinguished

The following are the more common and useful types:

Black Chert - a dense chert occurring in thin layers and thin
linear nodules found in the laminated layers of carbonaceous lime
stone in the lower member and middle member of the Allan Mountain
Limestone (Figure 4).
Gray Chert - a dense chert in laminated limestones with a lower
organic content than those containing black chert.

The gray chert

layers and thin, nodular lenses occur in the lower and middle
members of the Allan Mountain Limestone.
Tan Calcareous Chert - a tan-weathering chert so high in calcium
carbonate content that it appears to grade imperceptibly into
limestone on fresh fracture.

It varies from pea-size nodules to

nodules and layers 18 inches thick (Figures 5 and 6).

The nodules

and lenses commonly have several rings similar to the layers of an
onion except where the rings intersect each other.

This chert type

is most characteristic of the lower part of the middle member of
the Allan Mountain Limestone, particularly in the vicinity of Head
quarters Pass and Cave Mountain (Figure 5).

It is also common in

the lower member of the Allan Mountain Limestone.
Dark Grayish-brown, Fibrous Chert - a light gray to medium gray
bedded chert which weathers dark, rusty, brown upon exposure and
varies from lacy to nearly dense, blebby, chert layers with much
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Figure 4. Thin layers of black chert in the silty member of the Allan
Mountain Formation at Pentagon Mountain.

Figure 5. Layers of tan calcareous chert in the middle member of the
Allan Mountain Formation at Cave Mountain.
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Figure 6 .

Large nodule of tan chert at Cave Mountain.

Figure 7. Irregular layers of dark grayish brown, fibrous chert at
Gibson Peak.
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interstitial limestone (Figure 7).

This chert type is character

istic of the upper middle member and upper member of the Allan
Mountain Limestone in the southeastern part of the study area.
Cream to White, Fibrous Chert - white, porous chert in thin bands
and lacy beds with much interstitial limestone.

This chert type

occurs in the northwesterly outcrops of medium-grained crinoidal
limestones from Pentagon Mountain to Mount Richmond.

These lime

stones are equivalent in age to the massive upper member of the
Allan Mountain Limestone and lower member of the Castle Reef
Dolomite of the Gibson Reservoir area (Figures 8 and 9).
Light Gray to White, Fossiliferous Chert - a dense form of chert
which becomes porous upon weathering as the fossils are dissolved.
This chert type occurs in the bryocrinoidal limestones of the
upper member of the Allan Mountain Limestone and the lower member
of the Castle Reef Dolomite in the southeastern part of the area
from Mount Wright to Allan Mountain.

The chert type and an estimate of its relative abundance were
recorded for all sections measured.

The color and apparent abundance

of the chert are influenced by the amount of staining and weathering
in relief.

The chert types also change laterally within the region

as the lithology of the beds changes.

3.

Bedding Thickness
The bedding thicknesses were recorded by using the following

modification of the classification proposed by Payne (1942) .
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Figure 8 . Lacy chert in fine-grained microcrinoidal limestone at Mount
Richmond

Figure 9. Thin-bedded chert in microcrinoidal limestone at Mount
Richmond.
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Dimensions

Descriptive Terms
Payne (1942)

This paper

less than 1/16 inch Cl.6 mm.)

Fissile

1/16 - 1/2 inch (1.3 cm.)

Platy

1/2

- 2 inches (5 cm.)

Very thin-bedded

2

- 4 inches (10 cm.)

Thin-bedded

4

- 12 inches (30 cm.)

Medium-bedded

Medium-bedded

12

- 36 inches (91 cm.)

Thick- bedded

Thick-bedded

Massive-bedded

Massive

Shaly

Thin-bedded

more than 36 inches

The modification stems from difficulty in field distinction of the
beds of smaller dimensions.

An attempt to consider sedimentation units

only as bedding proved difficult due to the increased splitting of
rocks in weathered exposures, particularly at higher elevations.
4.

Field Estimation of Bioclastic Material
The percentage of bioclastic material for the upper Allan Mountain

Limestone and lower Castle Reef Dolomite was estimated for a randomly
selected spot within each one-foot interval by comparison with a visual
estimation chart of Terry and Chilingar (1955, figures 1-4 on pp. 230233).

A comparison of the field observation percentages with those ob

tained by thin section study show consistently lower values for field
observations.

Since the field estimates consistently and more closely

approximate the crinoid content of the thin sections, it appears that
the writer was swayed during estimation by crinoid cleavage faces on
fresh fracture and the weathering of crinoid fragments in relief due to
their lower solubility.
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B.

Laboratory Study Techniques

1.

Insoluble Residue Analysis
Samples were selected from seven outcrops for insoluble residue

analysis.

Although samples without chert were preferred, samples in

many cases contain disseminated chert.

The samples were prepared and

digested in 10% HC1 according to a format modified from that presented
by Ireland (1958).

The technique is briefly summarized as follows:

1)

Crush sample to pea size.

2)

Digest in 10% HC1 until effervescence ceases and the
carbonate has dissolved.

3)

Filter and wash with water until the filtrate is neutral.

4)

Wash residue into beaker, dry and weigh.

5)

Soak residue in water containing a dispersing agent ( ^ 2003) .

6)

Wet Sieve to separate the silt and coarser fraction from the
clay fraction with a 200 mesh (Tyler) sieve.

7)

Filter to recover the clay fraction.

8)

Dry and weigh the coarse and clay fractions.

This technique yields only semi-quantitative results in step 8 due
to excessive handling, washing, and filtering.

However, the technique

is preferred because the fine fraction is measured and saved instead of
washed away as in the decantation process usually employed in insoluble
residue analysis.
Authigenic materials, mainly chert, which in cases constitutes most
of the residue, hinder use of the insoluble residue percentages as
an indication of the amount of detrital sediment in carbonates.
This can be alleviated somewhat by noting the approximate authigenic
percentage in the residue.

In addition to chert, authigenic
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materials include pyrite, limonite, glauconite, and authigenic quartz.
The allogenic constituents in the residues are detrital quartz, clay
minerals, and glauconite.
2.

Thin Section Study and Carbonate Classification
Over 1000 thin sections were prepared for the study, the desired

control being a thin section for each six-foot interval.

The interval

became smaller where key changes occurred and greater where no obvious
changes occurred or sampling was difficult.

One-half of each thin

section was stained in Alizarin red-S stain to aid in differentiating
calcite and dolomite.

Each thin section was studied three times, once

for constituent identification, another for percentage estimates of the
constituents and a final time for rechecking the constituent percentages
visually or by point counting with a Swift point counter.

Finally,

photomicrographs were prepared from selected slides to illustrate
textures, composition, and special features.
In order to show the relative amounts of cement, matrix, and
skeletal debris, 400 points were identified in each thin section by using
a 1/3 mm interval between points during the point counting.

According

to Van der Plas and Tobi (1965, p. 88), with a count of 400 points, the
percentage of a constituent with a true value of 5 percent can be expected
to vary from a value of 2 1/2 to a value of 7 1/2 percent, a 50 percent
variation from the true value, while for a constituent with a true value
of 50 percent the point count values will vary from a value of 45 to a
value of 55 percent, or a 10 percent variation from the true value.
Although this appears to be large, it is well within the variation
encountered in identifying skeletal fragments by petrographic microscope,
particularly in many of the partly dolomitized thin sections.

Although
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little difficulty is encountered in recognizing echinoderm fragments
and foraminifera, much difficulty is encountered in identifying small
brachiopod, bryozoan and molluscan fragments.

For this reason, use

of 400 points during point counting of a thin section was deemed more
than adequate.
The most significant thin section components are lime mud (fine
grained calcite), oolites, pellets, spar, detrital quartz, clay, chert,
dolomite, lithoclasts, and skeletal debris.

Of these, fine-grained

calcite, dolomite, spar and skeletal debris are the most important com
ponents for classifying limestones in this area.

Since the purpose of

the study was to reconstruct the depositional environments, diagenetic
effects such as silicification and the change of lime mud to microspar
were neglected in classification of the carbonates.

An exception,

dolomite, was tabulated because the writer was not certain whether it
was associated with deposition (primary) or whether it originated later
Dolomite is also one of the chief correlation tools within the area.
From observation of percentages of the carbonate constituents, the
limestones were classified according to Dunham's classification of
carbonates (1962, p. 117) which uses the grain-cement-matrix ratio to
show the relative wave and current energy differences during deposition
The Dunham classification (Figure 10) was used because the terms used
give an indication of both the texture and the depositional energy
level.
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Contains Mud

Lacks Mud

Mud-supported

Grain-supported

Muds tone

Wackestone

less than
10% grains

more than
10% grains

Packstone

Mud - less than 20 microns

Figure 10.

Original Components
Bound Together

Grainstone

Boundstone

Grains - more than 20 microns

Limestone Classification used in this study.

Dunham (1962).

The use of the average grain size and standard deviation of the
apparent diameter of crinoid grains in thin section also proved to be a
useful indicator of the depositional energy level and lateral changes of
the upper member of the Allan Mountain Limestone and the lower member of
the Castle Reef Dolomite.

The apparent grain size was derived by

measuring the apparent diameter of 26 crinoid fragments along a traverse
in each thin section.

In the event 26 grains were not encountered on a

traverse another traverse was added until 26 grains were measured.
The grain size is a function of the sizes available for distribution,
current velocities, wave action and distance from the crinoid source
area.

A sample with large grains and a large standard deviation would

indicate accumulation near the area of crinoid growth in waters with
little current or wave action.

A small standard deviation would indicate

better sorting by wave and current action.
3.

Classification of Depositional Environments
The similarity of lithologic and petrographic characteristics of

the carbonates of the study area and those at Crowsnest Pass, Alberta
is such that the interpretation of depositional environments proposed
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by Macqueen and Bamber (1967, p. 30) for the Mississippian Banff and
Rundle Groups of southern Alberta is used for representing the environ
ment of deposition in the Sawtooth Range and surrounding areas.

The

scheme of environment classification utilizes the rock type, matrix
and faunal elements as indicators of the depositional environments which
were controlled by water depth, turbulence and distance from shore.
Figure 11 shows the classification proposed by Macqueen and Bamber and
the classification of environments of carbonate sedimentation on a broad
continental shelf as shown by Heckel (1972, p. 253).

The Heckel model

is similar to the Macqueen and Bamber model but gives added information
on the wave and current conditions.

MISSISSIPPIAN DEPOSITIONAL ENVIRONMENTS, SOUTHERN ALBERTA

Offshore

A

B

Calcareous or
Dolomitic
shales

Argillaceous
limestone

Micrite
Brachiopods, local banks
supply echinoderms

Shallowwater
open sea
C
Skeletal
limestone

Shoals
Tidal flats

After Macqueen and Bamber, 1967, p. 30

Restricted lagoons

D
Oolitic
and
Skeletal
limestone

Supratidal
Sebkhas

E

F

Micritic limestone
with pelletoid
grains, Micritic
skeletal limestone
locally argillaceous

Clear calcite cement

Environ
ment

Micro- to finecrystalline
dolomite, gypsum
and anhydrite

Micritic matrix

Coarse echinoderms and
bryozoan banks

Rock
Type

Matrix
Faunal
Elements

CARBONATE DEPOSITIONAL ENVIRONMENTS
After Heckel, 1972, p. 253, based on original by Irwin, 1965, p. 452
Deeper water
Sediment below wave base

Shelly calcilutite

Shallower water

Very shallow water

Sediment above wave base

Waves and currents damped

Skeletal
calcarenite

Pelleted
calcilutite
(some shells)

Reefs
Oolites
Figure 11.

Condition

Laminated
Evaporites
calcilutite Sediment
(arid climate)

Classification of carbonate depositional environments.
to

to
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III.

MADISON GROUP STRATIGRAPHY

The Madison Group was originally named the "Madison Limestone" by
A. C. Peale (1893, pp. 33-39), for exposures of rocks overlying the
Devonian Sappington Formation and below the Pennsylvanian Quadrant
Formation in the Madison Range of the Three Forks Quadrangle, Montana.
Later, the Madison was elevated to group status when Collier and Cathcart (1922, p. 173) divided the Madison into two formations, the
Lodgepole Limestone and the overlying Mission Canyon Limestone.
Three significant studies of Mississippian stratigraphy within
the study area were made by Deiss
Mudge, Sando and Dutro (1962).

(1933), Sloss and Laird

(1945) and

Of these, the stratigraphic divisions

used by Mudge et_ a l . are most useful for stratigraphic studies.

Mudge

divided the Madison Group in the vicinity of Gibson Lake into a
lower unit of limestone, the Allan Mountain Limestone, and an upper unit
of dolomite and dolomitic limestones, the Castle Reef Dolomite.

He

subdivided the Allan Mountain into a lower argillaceous and silty lime
stone member, a middle cherty member, and an upper non-cherty member of
bryocrinoidal limestone.

The Castle Reef Dolomite consists of an un

named lower member of thin dolomites, dolomitic limestones, and bryocrin
oidal limestones, and an upper member, the Sun River Member, which is a
light gray to white dolomite.

Figure 12 summarizes the biostratigraphy

and stratigraphy of the Madison Group in the study area and adjacent
areas.

The writer concurs with Mudge's lithologic subdivisions for the

Sawtooth Range with the exception of the lower member of the Allan
Mountain Limestone which the writer advocates dividing into a basal
argillaceous, fossiliferous limestone, henceforth referred to as the
fossiliferous limestone or fossiliferous member, and an upper silty,

Stratigraphic Divisions
Mudge et at.
(1962)
Gibson
Reservoir

4-1
<D
a> o
4->
O
f-i

o

MA

Dominant
Lithology

Light gray to white
dolomite

Faunal Zones § Zonal Fossils
After Mudge, Sando and Dutro
(1962)

D

Siphonod e n d r o n
F a b e r o phyltum
Perditoeardinia

Age

North Central
Montana
Knechtel (1959)

Meramec
Mission Canyon
Limestone

E
O

4-> r - i
(/> O
a3 Q
U

0)
c

Sun River
Member

Sloss
$
Laird
(1945)

Lower
Member

MBj

Upper
Member

mb2

Thin dolomites,
dolomitic lime
stones and crinoidal limestones

Vesioulophyllum

c

Non-cherty
bryocrinoidal
limestone

Spirifer logani
Spirifer grimesi
Dictyoclostus

Osage

Michelinia
Lithostrotionella
Spirifer grimesi

Woodhurst
Limestone

"S p i r i f e r " aff.

■M
V)

<D
E
•H
i—3
C
•H
o3
+->
C
3
O
c
aJ
f—j
<

S. eentronatus

Middle
Member

Lodgepole
Limestone

Very cherty, fine
grained limestone
B

Lower
Member

Figure 12.

Silty laminated
carbonaceous
limestone
MC

Fossiliferous
argillaceous
limestone

Kinderhook

A

Paine
Shale

Amplexus
Crurithyris
Cyathaxonia
’’Metriophyllum"

Stratigraphic and biostratigraphic relationships of the Madison Group in Montana.
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laminated, carbonaceous limestone, referred to in this study as the
silty member or silty limestone member.

The upper member of the Allan

Mountain Limestone and the lower member of the Castle Reef Dolomite do
not maintain the lithologic identity described by Mudge et_ a l . (1962)
as lateral changes in lithology occur to the north and west.
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IV.

PETROLOGY AND DEPOSITIONAL SETTING OF THE ALLAN MOUNTAIN LIMESTONE
Mudge, Sando and Dutro (1962, p. 2004) assigned limestone exposures

of the lower Madison Group on the eastern side of Allan Mountain,
Patricks Basin Quadrangle, to the Allan Mountain Limestone.
The entire Allan Mountain Formation can be measured and sampled at
the following locations:
Allan Mountain
South Fork of Deep Creek
Headquarters Pass
Mount Wright
Corrugate Ridge
Wapiti Ridge
Pentagon Mountain
Lone Butte
Of the three members of the Allan Mountain Limestone, the lower
member is recessive and seldom exposed while the resistant middle and
upper members are exposed on most ridges.

The formation varies in

thickness from 340 feet at Wapiti Ridge to 550 feet at Headquarters Pass.
It is 540 feet thick at Allan Mountain, 435 feet thick at Mount Wright,
450 feet thick at Corrugate Ridge and 350 feet thick at Pentagon Mountain
and Lone Butte.
A.

These figures indicate thinning to the north and west.

Lower Member of the Allan Mountain Limestone
The lower member of the Allan Mountain Limestone occurs as a dark

recessive band of shaly weathering limestone beneath the resistant
middle and upper members.

Few exposures and the additional complexity

of faulting and contorted beds make work on the unit difficult.
sentative thicknesses of the member include:

Repre

184 feet at Headquarters

Pass, 125 feet at Mount Wright, 145 feet at Corrugate Ridge, 100 feet at
Wapiti Ridge, 130 feet at Pentagon Mountain and 170 feet at Lone Butte.
However, these thicknesses mean little because the upper part of the
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member thins to the west while the lower part thickens to the southwest.
The characteristics of Mudge's lower member of the Allan Mountain
Limestone are best shown by dividing the member into a basal fossiliferous limestone member and an upper, carbonaceous, laminated, silty lime
stone member.

The contact between the members is a sharp disconformity

throughout the study area and at Crowsnest Pass, Alberta.
1.

Fossiliferous Limestone Member of the Allan Mountain Limestone
The fossiliferous limestone member is a distinctive gray-brown

mudstone carbonate with scattered crinoid grains and small horn corals
which weather in relief on the bed surface.

Silty partings are quite

common, particularly in nodular portions of the member.

The distinctive

lithology and position of the member at the base of the Madison Group
make the unit a useful field marker.

Gutschick et a l . (1976, p. 110)

suggested use of the Brownback Gulch section (NE h, NW h , SW h sec. 20,
T.l S., R.3 W . ) as a reference section of Sando's (1960) biostratigraphic Zone A.

Therefore, the writer proposes adoption of the name

Brownback Gulch Member for the unit because the Zone A fauna is contain
ed within the fossiliferous member.
Rodriguez and Gutschick

Since Gutschick et a l . (1967) and

(1968 and 1969) have described the faunal and

lithologic aspects at Brownback Gulch, it is designated the type section
Locations where the fossiliferous member is exposed within the
study area are the same at those listed for the Allan Mountain Limestone
The fossiliferous member most commonly disconformably overlies a
gray-green fissile shale similar to the Trident Member of the Three
Forks Formation (Sandberg, 1962 and 1965, p. 8 , figure 3).

However, in

easterly exposures from Sawtooth Ridge to the North Fork of Deep Creek
and at Mount Richmond and Corrugate Ridge a thin carbonaceous black
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shale and overlying thin yellowish-buff siltstone occur beneath an
irregular contact with the fossiliferous member.
a personal communication by Mudge

Gutschick, quoted in

(1972a, p. 35) considers the black

shale at Sawtooth Ridge equivalent to a portion of the Sappington Member
in southwestern Montana.

It is also possible that some of the basal

black shales may be Sandberg and Klapper's

(1967) Cottonwood Canyon

Member of the Madison Limestone, a black shale which disconformably
overlies the Sappington Member of the Three Forks Formation and grades
into the overlying Lodgepole Limestone in southwestern Montana and
Wyoming.

In the northwestern part of the study area the member dis

conformably overlies fine-grained limestones similar to the Logan Gulch
Member of the Three Forks Formation of southwestern Montana.

In

places, as at South Fork of Deep Creek, Wapiti Ridge and Lone Butte,
a local collapse breccia has formed where the lower member of the Allan
Mountain Limestone and the upper Three Forks Formation have collapsed
into caves within the Three Forks Formation.
The top of the fossiliferous member is marked by a thin lag deposit
of black crinoidal debris and pebbles of micrite, up to 2 inches in
diameter, resting upon fine-grained limestone containing a layer of
cream-colored chert nodules

(See figures 13 and 14).

considers these as evidence for a disconformity.

Namy (1972, p.188)

A thin, black, silty

shale, from one inch to four feet in thickness, or carbonaceous limestone
occurs above the lag deposit across the area and at Crowsnest Pass.

The

nature of the contact and lag deposit is shown in figures 13 and 14.
a)

Fauna

The fauna of the fossiliferous member is composed chiefly of crinoid
debris, bryozoans, brachiopods, ostracods and small solitary corals.

Of
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Figure 13. Top bedding surface of the crinoidal lag deposit overlying the fossiliferous member Allan Mountain Limestone at
Headquarters Pass.

Figure 14. Crinoid lag deposit at the top of the fossiliferous
member Allan Mountain Limestone at Pentagon Mountain.
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these corals are most useful in determining the biostratigraphic
position.

Zone A corals CSando and Dutro, 1960, p. 120) such as

Amplexus and Cyathaxonia were noted by the writer.
Dutro

Mudge, Sando and

(1962, p. 2012) list these as well as "Metriophyllum" aff. "MV

dimutivum Easton and Permia aff. P_. caverna Hudson.

Macqueen and Sand

berg (1970, p. 51), working with conodonts in southwestern Montana,
Mackay, Idaho and Crowsnest Pass, Alberta, have assigned the lower part
of the member to the Lower Siphonodella crenulata Zone.

Other fossils

identified by the writer include orthoconic cephalopods and the
brachiopods Crurithyris, Nucleospira, Rhipidomella and Spirifer.
b.

Vertical Lithologic Changes and Depositional History
Figure 15 shows the vertical changes in the fossiliferous member.

The significant features of the section are the detrital quartz and
glauconite-bearing bryocrinoidal limestone at the base with nodular
limestone and silty partings above.

Massive beds with low insoluble

residues occur in the middle below more argillaceous, nodular limestone
with silty partings.

Near the top, at Allan Mountain, the member be

comes bioclastic with lithoclasts, some of which are reddish.

Red lime

stone beds are found at this position at Crown Mountain while thickbedded mudstone carbonates with crinoid debris are present in all sect
ions in the northern part of the study area.

At Lone Butte the top 4

feet of the member are a transition from massive coarse-grained bryo
crinoidal limestones to medium-medded limestones with little crinoid
debris (Figure 18).

The top is marked in all sections by a lag deposit

of darkened crinoid grains and pebbles of fine-grained limestone.
The vertical changes described above reveal the depositional history
of the fossiliferous member.

The basal bioclastic material with quartz
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grains and glauconite was deposited in a transgressing sea.

According

to Galliher (1935, p. 1571) glauconite indicates low sedimentation rates.
Later, as the water became less turbulent, the nodular limestones with
silty partings were deposited.

The thick, low residue, dense limestones

in the middle of the member suggest quiet waters which were deeper or
receiving less terrigenous sediment.

The dark cherty limestones with

sponge spicules at this position at Lone Butte also suggest deeper water.
The overlying sequence of beds suggests shoaling until the beds with
more bioclastic material, lithoclasts, and reddish color were deposited.
Perhaps the shallow water features in the southern part of the area form
ed as the Waulsortian-type reef, discussed later, built up to sea level.
If so, assuming no sea level change, the thickness of the reef, 42 feet
at Crown Mountain, implies a water depth of 42 feet at the initiation of
reef growth.

A build-up of 130 feet is implied by the interval thick

ness from the thick, dense limestones in the middle of the member to the
reef top.

The decrease in bioclastic material in the top four feet at

Lone Butte may represent continued shoaling to the point that wave action
was damped or deepening as the depositional interface was lowered be
neath wave base.

The lag deposit on the top of the member apparently

developed during a period of non-deposition and minor submarine erosion,
c.

Regional Changes and Depositional Patterns
The fossiliferous member occurs in all sections of the regional

reconnaissance.

It is reported by Macqueen and Sandberg (1970, p. 34

and p. 51) at Mackay, Idaho and at Crowsnest Pass with the same conodont
fauna.

It is likely at Sunwapta Pass, Alberta (Spreng, oral comm.) and

in the Pembina, Alberta area where well logs show a micritic limestone
with crinoid debris (Martin, 1967, figure 3) at the base of the
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Mississippian section.
Within the area the fossiliferous member changes in thickness and
lithology from northeast to southwest.

Figure 17 shows thickening of

the member southwestward from 5 feet at Mount Richmond to 94 feet at
Lone Butte.

Reconnaissance sections show thicknesses of 7 feet at

Crowsnest Passf 37 feet on Peak 9559 at Fairy Lake and approximately 190
feet at Crown Mountain.

The thickness pattern parallels the axis of the

Flathead Trough of the Precambrian Belt Basin of Harrison et al.

(1974,

p. 3) a relationship suggesting reactivation of the basin during deposit
ion of the fossiliferous member.

It is also possible that the thicker

section developed due to higher bioclast production rates at a shelf
margin.

The dark, cherty limestones in the middle of the member at Lone

Butte (See figure 18) and Crown Mountain support a southwestward slope.
Figure 18 shows the changes in lithology and thickness from Crows
nest Pass, Alberta to Lone Butte, Montana.

In summary, the unit thickens

to the south and southwest, includes more bioclastic layers at the top
and bottom to the southwest and becomes cherty and darker in color in
the middle of the section from Allan Mountain to Lone Butte.
Regionally the depositional environment of the fossiliferous member
increased in water depth to the west.

Dolomitic and oolitic limestones

to the southeast in the Little Belt Mountains suggest shallow, super
saline waters.

Glauconitic limestone north of that area at Lodgepole in

the Little Rockies indicates deeper waters and a low rate of sedimentat
ion.

Within the study area the lateral change from argillaceous mud

stone carbonates to dark, cherty, spicule bearing mudstone carbonates
at Lone Butte suggests normal marine carbonate sedimentation in waters
which deepened to the southwest.

The thickness of the Lone Butte
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Figure 17. Map of the study area showing thicknesses of the
fossiliferous member.

ALBERTA

Figure 18. Lateral changes of the fossiliferous limestone member from Crowsnest Pass to Lone Butte.
Rock units above and below the member are also shown.
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section and the massive crinoidal limestones at the top of the
section suggest bank-like or reef sedimentation with a higher rate
of bioclast accumulation.

Even deeper water sedimentation is in

ferred by the carbonaceous limestones at Mackay, Idaho,
d.

Waulsortian-type Reefs
The thickness and lithologic sequence of the fossiliferous member

in the southwestern part of the study area and at Crown Mountain are
similar to that of the Waulsortian-type reefs described in the Bridger
Range at Fairy Lake by Stone (1972) .

Other Waulsortian-type reefs have

been reported in the Big Snowy Mountains
Little Belt Mountains

(Cotter, 1965) and in the

(Gutschick, 1972, oral comm.).

At the Waulsortian-type reef at Fairy Lake and in the fossiliferous
member at Lone Butte and Crown Mountain the section begins with noncherty limestone beds, some bioclastic, with silty partings.

These give

way sharply to cherty limestones with crinoid debris and silty partings.
The top, except for the upper 4-5 feet, which are finer grained and
medium-bedded, is the massive Waulsortian-type reef limestone with
little chert in both areas.

However, the massive limestones of the

Waulsortian-type reef at Fairy Lake are fine-grained with common very
large crinoid stems whereas at Lone Butte and Crown Mountain the unit
is more bioclastic with recognizable bedding

(See figure 18).

The

massive limestone unit of the Waulsortian-type reefs pinches out within
100 yards, whereas the massive unit at Lone Butte and Crown Mountain is
persistent across each exposure as well as adjacent localities (See
figure 18) .

In both cases the massive limestones at the top are found

where the lower part of the fossiliferous member is thick.
The Waulsortian-type patch reefs at Fairy Lake occur one mile south
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of Sacagawea Peak where the lower part of the fossiliferous member
thickens to 134 feet.

On the north flank of Sacagawea Peak, 1.5 miles

to the north, the entire fossiliferous member is only 42 feet thick and
37 feet thick across the cirque on Peak 9559.
20 miles to the west at Logan.
similar at each outcrop.

It is only 10 feet thick

The lithology below the reefs remains

Apparently the mound-like, massive Waulsort

ian-type reefs developed on thicker parts of the fossiliferous member
where conditions were favorable for more production of biogenic mater
ials.

Stone C1972, p. 42), Smith (1972b, p. 34) and Rodriguez and Gut

schick (1970, p. 415) interpret the Waulsortian-type reefs as facies of
the shaly Paine member instead of thickening of the fossiliferous
member as the writer do e s .
A similar origin is proposed for the thicker exposures of the
fossiliferous member within the study area.

Figure 18 shows that the

units of the fossiliferous member maintain their identity from Allan
Mountain to Lone Butte.

They are also present at Crown Mountain.

The

upper bioclastic limestones at Crown Mountain and Lone Butte accumulated
on a bryocrinoidal bank under the influence of waves and currents.

The

thicknesses on figure 17 show that the ba.nk extended beyond Spotted Bear
Mountain, nearly to Pentagon Mountain and Allan Mountain and southward
beyond Crown Mountain.

It did not extend southeast to the Big Belt

Mountains where the fossiliferous member is only 6.5 feet thick at Beaver
Creek.

Therefore, development of the Crown Mountain reef parallels that

of the Fairy Lake reef except for the greater width and more current and
wave activity at Crown Mountain and Lone Butte,
e.

Dolomite in the Fossiliferous Member
The only significant dolomite in the study area is at Lone Butte
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where thin section studies show dolomite rhombs throughout the entire
fossiliferous member in amounts varying to 60 percent but usually less
than 10 percent.

The occurrence of dolomite at Lone Butte where the

middle portion of the member is a dark, fine-grained limestone with much
chert and sponge spicules is surprising since these features suggest
deeper water sedimentation.
Thin section features shed some light on the origin of the dolomite.
First, most of the dolomite is in wackestones and packstones where
the dolomite rhombs readily replaced bryozoan and other fossil debris
except crinoids.

There is little dolomite in the finer-grained lime

stones and limestones with spar cement, except where dolomite rhombs
occur within bryozoan fragments.

Second, crinoid grains throughout the

member are corroded on the margins, much of the lime mud in fine-grain
ed limestones has changed to microspar, and many of the crinoid grains
are partly silicified.

The highest concentration of dolomite is in the

massive bed at the 30 foot mark

(refer to figure 18), the medium-bedded

wackestones from 60 to 74 feet and in the thick to massive packstones
at the top of the section.

Of these, the highest percentage, 60 percent,

occurs in the 60 to 74 foot interval, the first wackestones below a
disconformity at the base of the top massive unit.
These features suggest dolomitization associated with diagenesis
of the member during a period of subaerial exposure during which the
reddish beds formed at Crown Mountain and lithoclasts were transported
to Allan Mountain.

On the other hand, the corroded borders on the

crinoid grains suggest that crinoid grains may have been the source of
magnesium for dolomitization, a process proposed by Twenhofel

(1939,
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p. 331) and Fairbridge (1957, p. 137-139).
2.

Silty Limestone Member of the Allan Mountain Limestone
The basal fossiliferous member is overlain disconformably by non-

fossiliferous, black, silty, laminated limestones with a high content
of clay to silt-size detrital material, organic material, black chert,
and dolomitic limestone horizons.

The thickness of the member ranges

from 90 feet at Lone Butte and Mount Wright to 165 feet at Headquarters
Pass.

Other thicknesses include 110 feet at Allan Mountain, 100 feet

at Pentagon Mountain and Wapiti Ridge, and 120 feet at Corrugate Ridge.
Thicknesses are questionable, except at Pentagon Mountain and Head
quarters Pass, due to the difficulty in recognizing the top of the
member and frequent contortion and faulting of beds.

The base of the

member is clearly marked by a lag deposit of dark, crinoidal debris and
pebbles reworked from the underlying fossiliferous limestone member.
Locations where the silty limestone member can be sampled are the same
as those listed for the Allan Mountain Limestone.
The lithologic and petrographic observations of the silty limestone
member, referred to on diagrams as the "silty member", are shown in
figure 19.

The member can be divided into three parts:

1) at the base,

a thin black, detrital quartz-rich carbonaceous shale (figures 19 and
20), not to be confused with the black shales at the base of the Allan
Mountain Limestone; 2) dense, dark-gray limestone beds with tan chert
lenses, designated by a "D" beside the sample number, alternating with
laminated limestone beds, designated by an "L", containing thin, gray
and black chert lenses and nodules; 3) dolomitic, silty limestones and
dolomitic shales.

These divisions are referred to as units 1, 2 and 3

in all photographs and drawings.

Although the member is generally
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Figure 19.
Lithology and petrography of the silty member at Headquarters Pass.
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Figure 20. Exposure of black shale, unit 1, at the base of the silty
member and overlying the fossiliferous member at Headquarters Pass.
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unfossiliferous, bryozoan and crinoidal bioclastic beds are present in
the upper part of the member at Headquarters Pass and Cave Mountain.
Figure 21 shows the regional relationships of the silty member
from Fairy Lake, Montana northwestward to Crowsnest Pass, Alberta.
The divisions of the member appear to be widespread.

The basal black

shale, unit 1 , (figure 20) is present in all exposures in the central
and northern parts of the study area at a position immediately overlying
the crinoidal lag deposit capping the fossiliferous limestone member,
but it is absent in the southwestern part of the area where the
thickness of the fossiliferous member increases.

The thickness of the

black shale varies from two inches to four feet within the area and up
to 19 feet at Crowsnest Pass, Alberta (See figure 21).

Thin clay shale

up to two inches thick occurs at this position at Lodgepole and Fairy
Lake.
The overlying cyclic dense and laminated limestones of unit 2 occur
in all quality exposures such as Mount Wright, Pentagon Mountain and
Corrugate Ridge.

Unit 2 is absent at Lone Butte and Crown Mountain

where the underlying fossiliferous member is thick.
difficult to recognize
platy beds.

It is also

in poor exposures because it weathers into thin

A thicker, but more shaly and cherty, unit is at a similar

position at Crowsnest (figure 21).

Non-cherty, cyclic dense and

laminated limestones occur at this position at Lodgepole, Fairy Lake
and Logan, Montana.

Excellent exposures on the north side of Sacagawea

Peak at Fairy Lake exhibit very uniform beds of dense gray limestone with
fenestellid bryozoans separated by thin shaly partings.

The beds are not

carbonaceous as they are in the study area and at Crowsnest Pass.
The tan- to buff-weathering, upper dolomitic part of the silty

4^

Figure 21.

Regional relationships of units 1, 2 and 3 of the silty limestone member.
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limestone member, unit 3, occurs at all exposures of the silty member
particularly in the western and northern outcrops.

At Crowsnest Pass

this unit is predominantly soft black shale and argillite.

At Fairy

Lake, Logan, and Dryfork Creek in the Little Belt Mountains, the unit
is a silty, shaly limestone with skeletal debris and brachiopods but
little carbonaceous material or dolomite.

Within the study area, the

unit increases in dolomite content from Headquarters Pass westward to
Pentagon Mountain (figure 21) and northwestward to Mount Richmond,
a.

Environment of Deposition of the Silty Limestone Member
Since the silty member consists mostly of dolomitic and calcareous

shales or silty limestone, it is assigned to Offshore Environment A
of Macqueen and Bamber (1967, p. 30).

The high organic matter content

of the unit lends further support to this interpretation.

Therefore,

the member was probably deposited below wave base on the outer
continental shelf with slow carbonate addition, a source of detrital
material, and reducing conditions within the substrate.
It appears that the silty limestone member of the Allan Mountain
Limestone and equivalents in adjacent areas record the incursion of
a detrital wedge from the west or northwest.

The basal black shale

(unit 1 on figure 19) probably was deposited in an euxinic portion of
the sea in the area extending from the Sawtooth Range to at least Crows
nest Pass, a restricted condition similar to that proposed by Macqueen
and Sandberg (1970, p. 43) and Gutschick, Suttner and Switek (1962,
p. 88) for basal Mississippian black shale of the Cottonwood Canyon
Member of the Madison Limestone and the Devonian Sappington Member of
the Three Forks Formation in southwestern Montana.

The overlying,

cherty, rhythmic dense spicular limestone and laminated limestones of
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unit 2 Cfigure 4) were apparently deposited in deeper waters or at
least waters with better circulation and less terrigenous material.
The silty and shaly limestones, silty dolomites, and calcareous siltstones of unit 3 mark the arrival of terrigenous material, probably
from the northwest as suggested by the increase in insoluble residues
at Pentagon Mountain (figure 21) and the shales at Crowsnest Pass.

Ross

(1962, p. 788) infers orogenic activity in eastern Oregon and Washing
ton as the source of the thick section of sandstones, siltstones and
argillites of the Milligen Formation (recently renamed the McGowan Ranch
Formation by Sandberg, 1975, p. 3) in Idaho.
carbonates as far east as the Black Hills

Argillaceous and silty

(Andrichuk, 1955, p. 2118)

show that terrigenous material also came from an eastern source,
b.

Dolomite Origin
Dolomite in the upper part of unit 3 of the silty member seems

incompatible with the deep water environment assigned by using Macqueen
and Bamber's (1967, p. 13) classification of depositional environments.
It is likely that late dolomitization occurred by "seepage refluxion"
(Adams and Rhodes, 1960, p. 1919) as brines seeped downward into the
silty member during the Charles Group evaporite deposition later in
the Mississippian.

The thinness of the members overlying the silty

member at Pentagon Mountain (See figure 27) may have permitted more
penetration by brines and dolomitization in the silty member there.
Perhaps "dorag" dolomitization (Badiozamani, 1973, p. 969) occurred
by the interaction of fresh and saline waters during a period of uplift.
Post-Mississippian uplift and erosion are suggested by westward thinning
of the Castle Reef Formation as shown by Mudge et_ al_. (1962, p. 20102011, figure 3).
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Organic detritus may have acted as an early source for magnesium
in the manner illustrated by Gebelein and Hoffman (1973, p. 612) for an
algal origin of dolomite laminations in stromatolitic limestone.

In

this study the association of organic detritus and dolomite within the
silty member suggests that organically complexed magnesium ions may
have reacted with adjacent calcite as the organic detritus decayed, in
much the same fashion as postulated by Gebelein and Hoffman.
B.

Middle and Upper Members of the Allan Mountain Limestone
Although the middle and upper members of the Allan Mountain Lime

stone are readily differentiated in the Gibson Lake area, the writer
chooses to discuss them together because facies relationships make
regional differentiation of the units by lithology difficult.

The

members will be described separately for the Gibson Lake area and
together for other areas.

In all parts of the study area the units

include the beds from the top of the silty, lower member of the Allan
Mountain Limestone to the base of a regional dolomite marker bed at the
base of the Castle Reef Dolomite.
The middle and upper members of the Allan Mountain Limestone can
be measured and sampled at the following locations:
Allan Mountain
Gibson Peak
Diversion Ridge
South Fork Deep Creek
North Fork Deep Creek
Gibson Lake
Cave Mountain
Arsenic Peak
Lone Butte
Pentagon Mountain
Choteau Mountain
Middle Fork Teton River I
Middle Fork Teton River II
Mount Wright

Wapiti Ridge
Corrugate Ridge
Bumshot Mountain
Mount Richmond
Badger Creek Gorge
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1.

Middle Member of the Allan Mountain Limestone, Gibson Reservoir Area
The medium-bedded, cherty limestones overlying the silty limestone

member were assigned to the middle member by Mudge et al. (1962,
p. 2012) after study of exposures on the north side of Gibson Lake
(SE h Sec. 36, T.22 N . , R.10 W . , Patricks Basin Quadrangle).

The most

distinctive feature of the middle member is the high percentage of
bedded, nodular and fibrous chert.

In the Gibson Lake area the middle

member appears to be a transition from the silty member to the
overlying massive crinoidal limestones of the upper member.

The

lithologic and petrographic characteristics of the middle member are
shown on figure 22.

These include the percentage of crinoid fragments,

dolomite content, detrital quartz content, average crinoid grain size
and standard deviation, and classification of thin sections by the
Dunham classification.

Chert types of the middle member are shown in

figures 5, 6 and 7.
The lower part of the member is composed of medium to dark gray,
medium-bedded, dense limestone with nodular to layered, tan chert and
interbeds of platy- to shaly-weathering, argillaceous limestone.

These

beds grade upward into medium to light gray, medium-bedded limestone
with tan to gray, nodular chert and fibrous, light gray to brown-weathering, bedded cherts.
Fossils, not very common in the member, include Syringopora,
Dictyoclostus, and spiriferid brachiopods.

In the thin sections,

monaxon sponge spicules and crinoid and bryozoan debris are the dominant
bioclastic components.
2.

Upper Member of the Allan Mountain Limestone, Gibson Lake Area
The most frequently exposed member of the Allan Mountain Limestone,
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the upper member, forms prominent cliffs on most ridges in the Sawtooth
Range from Allan Mountain to Mount Wright.

The type section, designated

by Mudge et_ al_. (1962, p. 2013) , is on the north side of Gibson Lake in
section 36, T.22 N., R.10 W . , Patricks Basin Quadrangle.

The upper

member consists of light to medium gray, thick to massively bedded,
bryocrinoidal limestones with minor chert, usually a porous white chert
with fossil molds, separated by a sequence of medium gray, fine-grained
thin- to medium-bedded, dolomitic limestone and dense limestone with
abundant lentils and nodules of gray to gray-brown chert.

The member

can be divided into two cycles of deposition, each of which grades up
ward from cherty, dolomitic limestones at the base to massive bryocrin
oidal limestones at the top.

Minor cycles are also present.

Figure

23 illustrates the lithologic and petrographic character of the upper
member at Allan Mountain.
The fauna of the fossiliferous upper member includes brachiopods,
solitary corals, and colonial corals characteristic of Zone C (Mudge
et a l . , 1962, p. 2013).

The following list contains marker fossils

identified by the writer in the upper member.
Syringopora sp.
Michelinia sp.
Vesiculophyllum sp.
HomalophyHites sp.
Spirifer grimesi Rowley
Lithostrotionella sp.
The Ci fauna is restricted to the Woodhurst Limestone Member of the
Lodgepole Formation by Sando, Mamet, and Dutro

(1969, p. 10).

Michelinia

is useful because it is common in the southeastern part of the study
area.

Its presence in the Sawtooth Range within beds in the lower member

of the Castle Reef Dolomite suggests that the correlation of the upper
member of the Allan Mountain Limestone with the Woodhurst member may need
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Figure 23.
Lithology and petrography of the upper member of the Allan
Mountain Limestone at Allan Mountain.
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further study.

Another

marker fossil, Lithostrotionella, occurs at

Cave Mountain and Mount Wright in the uppermost beds of the Allan
Mountain Limestone.

A significant aspect of the fauna is the lack of

lateral persistence throughout the area.

Colonial corals are restricted

to the eastern and southeastern outcrops while brachiopods extend
farther northwest but are not present from Mount Richmond north.
3.

Western Equivalent of the Middle and Upper Members
The exposures at Pentagon Mountain best demonstrate the nature of

the western equivalent of the middle and upper members.

Figures 24 and

25 show the lithologic and petrographic characteristics of the upper
and middle members of the Allan Mountain Limestone at Pentagon Mountain.
A comparison of figures 22 and 23 with figure 24 shows a decrease in
crinoid grain-size, more chert, more dolomite, better sorting of crinoid
grains, no corals, and a thinner section at Pentagon Mountain.

A

possible third cycle, I, is also recognized at Pentagon Mountain.
4.

Facies Changes of the Middle and Upper Members
Examination of the faunal, lithologic and petrographic features

of sections within the study area shows the lateral changes in the
interval from the base of cycle II to the "CR/AM” marker bed.

Figure 26

shows the changes parallel to the thrust faults in the Sawtooth Range
from Diversion Ridge north-northwestward to Badger Creek Gorge.
Figure 27 and a comparison of figures 22 and 23 with figure 24 give the
east to west changes within the area.

The sections show the decrease in

massive carbonates, corals, brachiopods, size and abundance of crinoid
grains and thickness of the interval to the west and northwest.

There

is an increase in insoluble residues, chert, dolomite and carbonaceous
material, particularly northwestward toward Badger Creek Gorge.

Although
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Figure 26.

Lateral changes of the middle and upper members from Diversion Ridge to Badger Creek Gorge.

Figure 27.

Facies changes of the middle and upper members from Choteau Mountain to Pentagon Mountain.
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not shown on the sections, silt-size detrital quartz increases in the
base of cycles II and III toward Badger Creek Gorge.

Figure 27 also

shows the names of the facies from the massive carbonates in the east
at Choteau Mountain to the microcrinoidal carbonates at Pentagon
Mountain.
Lithofacies maps of cycle II (figure 28) and cycle III (figure 29)
were prepared by computing the ratio of chert to bioclast percentages
for the interval included in the cycle at each locality.

The contour

lines of the chert/bioclast ratios of figures 28 and 29 closely agree
with the lithologic changes seen in the field.

Figures 30 and 31 show

the same maps as figures 28 and 29 with the crinoid clast and dolomite
content, as well as the size of crinoid clasts, plotted for locations
with thin section studies.

The facies maps do not correct for crustal

shortening by imbricate thrusting.

Mudge (1972b, p. 11) approximated

crustal shortening of 29 miles within a distance of 17.5 miles in
the Sun River Canyon area.

The depositional strike shown on the

lithofacies maps would have a more easterly trend than shown if the
maps were corrected for lateral shortening in an east-west direction.
5.

Regional Facies Pattern and Depositional Environments
The facies changes from the Big Snowy Mountains to Mackay, Idaho

illustrate the environments of deposition across the shelf and into
the geosyncline.
a)

Oolitic-bryocrinoidal shelf limestone facies

These limestones formed on a stable shelf in the vicinity of the
Big Snowy Mountains and the Little Belt Mountains (Jenks, 1972, p. 23;
Wilson, written comm., 1972).

Shallow water, intertidal and subtidal

deposition is indicated by oolites, endothyrid foraminifera, calcispheres,

58

Figure 28. Lithofacies map of cycle II within the study area.
contours are based on the chert/bioclast ratios.

The
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Figure 29. Lithofacies map for cycle III within the study area.
Contours are based on the chert/bioclast ratios.
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Figure 30. Lithofacies map of cycle II with the dolomite and crinoid
grain content and average crinoid grain size at each location based
on thin section studies. Contours are the same chert/bioclast ratio
as shown in figure 28.
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Figure 31. Lithofacies map of cycle III with the dolomite and crinoid
grain content and average crinoid grain size at each location with
thin section studies. Contours are the same chert/bioclast ratios
as shown on figure 29.
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lithoclasts and oxidized erosional surfaces.

All of these features are

found in the top of neritic cycles (See figure 42).

The lower part of

cycles contains mudstones, wackestones and bryocrinoidal packstones of
deeper water sedimentation.
b)

Massive carbonate facies

The cyclic massive carbonates in the southeastern part of the study
area (figures 28 and 29) have poorly sorted wackestones and packstones
with a mud matrix at the base of cycles and grainstones with better
sorting at the top.

The wackestones and packstones with little sorting

probably accumulated beyond the breaker zone with less current and
activity than the grainstones which accumulated in shallower, turbulent
waters.

The rapid changes in fauna and lithology on the western and

northwestern margin of this facies suggests an increase in the bottom
slope.

If so, this facies marks the shelf margin.

Colonial corals occur

in this facies.
c)

Cherty carbonate facies

The massive carbonate facies gives way to the cherty, fine-grained
limestones to the west and northwest (figures 28 and 29).

Small

brachiopods, bryocrinoidal debris and the lack of colonial corals suggest
deposition in deeper, quiet waters which received lime mud from the
bryocrinoidal limestone area.
d)

Cherty microcrinoidal carbonate facies

The distinguishing features of the cherty microcrinoidal limestones
west and northwest of the cherty limestones are the small size and
sorting of the crinoid fragments.

The beds also contain much dolomite,

white fibrous chert, low-angle cross-bedding, and occasional brachiopods.
The cross-bedding, sorting and small grain size suggest removal of finer
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carbonates by currents.

Winnowing by currents also explains the thin

ness of the section compared with those to the east (.See figure 27) .
TKe water depth, was probably deeper than that of the cherty carbonates.
el

Microcrinoidal carbonate facies

Less chert and more bioclastic material in cycle II are the bases
for defining the microcrinoidal carbonate facies from Pentagon Mountain
to Lone Butte.
f)

Dark cherty carbonate facies

The dark cherty carbonate in the northwestern part of the area at
Badger Creek Gorge contains very little crinoid debris and has more in
soluble residue and dolomite (See figures 26, 28 and 29) than the micro
crinoidal carbonate facies.
were found in the beds.

Only a few brachiopods and solitary corals

The high percentage of insoluble residue in

this facies suggests deposition in waters which received much terrigen
ous material, possibly from an easterly source, but more likely from a
westerly source in the Antler orogenic belt since silt- and sand-size
detrital quartz grains increase from trace amounts in the base of cycles
II and III at Diversion Ridge to 3-5 percent at Badger Creek Gorge.

If

the detrital quartz came from the west as suggested, the dark cherty
carbonate facies probably marks the distal margin of terrigenous
sediment from the west and the deepest water of the area since it is
likely that detrital quartz only moved down the slope.
g.

Black argillite facies

The sands, silts, and clays of the argillites in the Lost River
Range of Idaho are considered flysch from the Antler orogenic belt in
central Washington and Oregon by Ross (1962, p. 788) and Sandberg (1975,
p. 3).

The water probably shoaled westward from the eastern limit of
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sand and silt sedimentation, possibly in the northwestern part of the
study area at Badger Creek Gorge.
The regional facies changes indicate increasing water depth on a
continental shelf from the Big Snowys to the study area.

The rapid

thinning of the middle and upper members from the massive carbonate
facies to the dark cherty carbonate facies at Badger Creek Gorge
suggests deposition on the slope of a basin margin, an interpretation
proposed by Edie (1958, pp. 102,103) for equivalent strata on the north
eastern margin of the Williston Basin in southeastern Saskatchewan.

It

is more probable that the westward thinning shown in figure 27 reflects
less subsidence on a structurally positive area since equivalent strata
in the Lodgepole Formation of southwestern Montana thicken into the
miogeosyncline (Moore, 1973, p. 1710).

What appears to be equivalent

strata in the Banff Formation at Crowsnest Pass also show much greater
thicknesses, approximately sixfold, than the middle and upper members
of the Allan Mountain Limestone at Pentagon Mountain.

The scarcity of

sponge spicules, expected on a basinal edge slope (Edie, 1958, pp. 102,
103), in the cherty carbonate and dark cherty carbonate facies may also
indicate the absence of a topographic basin.
The distribution of detrital quartz also assists in depositional
pattern and paleoslope interpretation.

Jenks (1972, p. 25) states

that silt-size detrital quartz of the Woodhurst Member of the Lodgepole
Formation decreases from the Big Snowys to the Little Belt Mountains.
Within the study area silt-size detrital quartz increases from a trace
in the massive carbonate facies up to 5 percent in the dark cherty
carbonate facies.

Since the immensity of the Mississippian Cordilleran

sea makes it unlikely that winds transported the silt-size detrital
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quartz, it is likely that the detrital quartz was transported by currents
down the paleoslope from a source southeast of the Big Snowys, probably
southeastern Wyoming, and from the Antler orogenic belt of Idaho,
Washington and Oregon.
The detrital quartz distribution and regional facies suggest sedi
mentation in a sea with carbonate accumulation on the craton and mostly
terrigenous sedimentation in the miogeosyncline.

The extension of

tongues of detrital quartz-bearing sediments in the base of cycles II
and III onto the craton shows that the water depth in the miogeosyncline
was at times shallower than on the craton margin.

The shelf seas of the

craton shoaled southeastward from the dark cherty carbonate facies at
Badger Creek Gorge to the oolitic-bryocrinoidal shelf limestones in the
Big Snowys.
6.

"Montana Island"
Thinning of the middle and upper members to the west and northwest

suggests a positive element during deposition of the Mississippian rocks
in northwestern Montana, an area which has been mentioned by several
authors as a positive element during deposition prior to the Mississip
pian.

Walcott (1908, p. 191) suggested a positive element, the Kintla

Uplift, during Cambrian sedimentation in northwestern Montana and north
ern Idaho.

Later he renamed the positive element "Montana Island"

cott, 1915, pp. 197-198).

(Wal

"Montana Island" extended from the southern

Lewis and Clark Range to Crowsnest Pass and westward from the Lewis
thrust to the North Fork of the Flathead River.

Deiss (1941, p. 1097)

extended the area from Nevada to British Columbia.

The highest part

of his positive area, "Montania", lay in western Montana and affected
sedimentation from Cambrian to Devonian time (Deiss, 1941, p. 1095).
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Harrison et al.

(.1974, p. 2) identified a dome of late Belt age (Pre-

cambrian) on the Purcell Platform.

They also suggest that the Purcell

Platform was a positive element during the Paleozoic.
Several lines of evidence suggest a positive area in the western
part of the study area.

In addition to the thinning of the middle and

upper members previously mentioned, figure 21 shows thinning of the
silty member to the northwest.

Mudge et_ al_. (1962, p. 2010 and 2011)

show thinning of the Castle Reef Dolomite as pre-Jurassic erosion of the
top of the Castle Reef Dolomite increases to the west.

Pre-Jurassic

removal or nondeposition in the study area of late Mississippian and
Pennsylvanian strata, which occur to the north at Crowsnest Pass, also
suggest a positive area.

Seepage refluxion over a positive area, or a

shoal area on the positive area, may explain the northwestward increase
in dolomite within the Allan Mountain Formation.

It is also possible

that erosion on the positive area may have supplied the detrital quartz
at the base of cycles II and III.

Although a positive element is infer

red to the west, the lack of shallow water sedimentary features and
fossils suggests the absence of a topographic high, at least within the
western and northwestern parts of the study area.
7.

Dolomite Origin
Dolomite within the middle and upper members is believed to be

secondary in origin on the basis of:

1)

The dolomite increases to

the northwest whereas shallow waters favoring primary dolomitization lay
to the southeast.

2) As reported by Murray and Lucia (1967, p. 28-29),

thin sections show dolomite rhombs replacing dark argillaceous lime
stone first, then bryozoan and brachiopod debris and finally crinoid
debris (See figure 23, top photomicrograph).

3) There is a lack of algal
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stromatolites, oolites, mudcracks and other shallow water features
associated with primary dolomitization.

Mudge (1972, p. 37) shows

agreement by his statement "in the Madison the amount of magnesium
decreases downward, indicating the supply of magnesium was from above
or to the side, and occurred after the deposition of much if not all of
the sequence".
There are several means by which dolomite could have formed by
replacement:
a)

Dolomitization could have occurred during the Mission Canyon

evaporite deposition to the southeast in Montana as shown in figures by
Andrichuk (1955, p. 2186).

The brines from that area may have moved

into the area and dolomitized buried strata by the process of seepage
refluxion.
b)

Dolomite could also have formed as saline waters and fresh

waters mixed.

Folk and Land (1975, p. 64-65) have shown that slow

mixing decreases the salinity and leaves the solution supersaturated
in relation to dolomite but undersaturated with respect to calcite,
thereby forming dolomite as magnesium replaces the calcite.

In this

model dolomite would form at the interface of saline waters from the sea
with ground water or where connate waters and fresh water intermix.
Seepage refluxion around "Montana Island" could explain the increase in
dolomite to the northwest within the study area.
c)

An alternate source of magnesium ions proposed by Twenhofel

(1939, p. 331) is crinoid skeletal debris which contains magnesium, at
least in modern forms.

An example occurs at Pentagon Mountain where

partially dolomitized cherty, fine-grained, spicular limestones occur in
the 164'-174' interval

(figure 24) below microcrinoidal limestones which
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have crinoid grains with corroded margins.

Perhaps pore waters carried

magnesium ions from the crinoid grains into the spicular limestones
below.

Equivalent cherty, spicular limestones without overlying crin

oidal limestones at Headquarters Pass in the cherty limestone facies,
from 250 feet to 290 feet in figure 26, were not dolomitized.

The

crinoid grains may have partly dissolved later during a period of uplift.
It is also possible that the crinoid grains were dissolved as pore
solutions became undersaturated with respect to calcite as the Madison
Group was buried deeply beneath sediments.

Mudge (1972a, figure 4, p.

9) shows rapid thickening to the west of the interval from the top of
the Three Forks Formation to the top of the Cone Calcareous Member of
the Marias River Shale (Cretaceous).

Within the Sun River Canyon alone,

he shows thickening to the west of the interval from 3100 feet to 4800
feet.
Another aspect which should be investigated is the relationship of
the dolomite distribution and the facies change from the cherty micro
crinoidal limestone to the dark cherty limestones.

It is conceivable

that magnesium ions dissolved from crinoid debris reacted with calcite
in the dark cherty limestones as pore solutions migrated down dip.
8.

Chert Origin
The middle member contains immense quantities of chert in the study

area.

In the overlying rocks of the upper member the chert content

increases to the northwest as the grain size decreases.

Regionally,

there is more chert at Crowsnest Pass, less in the Little Belt Mountains
and very little at Fairy Lake, again showing an increase to the north
west.

Chert is absent within all areas in shales, very argillaceous

carbonates and massive bryocrinoidal limestones.

The preferred rock
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type for chert is a fine-grained carbonate, particularly the darker
limestones.
The type of chert depends mostly on the enclosing rock type.
black chert occurs in dark gray, laminated limestone.

Dense

Calcareous chert

is in dense limestones which apparently did not permit the coalescence
of silica before fluid migration ceased.

Limestones with appreciable

bioclast content and a mud matrix contain fibrous chert while dense gray
chert is related to light gray, fine-grained, argillaceous limestones.
Therefore the chert type reflects the type of material which was
silicified and not the origin of the silica.
Thin section examination shows monaxon sponge spicule percentages
up to 30 percent, the majority of which have been replaced by calcite.
Silica in the remaining spicules is microcrystalline quartz which
becomes coarser toward the center of the spicule, a condition which
suggests that the silica of the original spicule was removed early and
the hollow filled by microcrystalline quartz or calcite.

Spicules were

identified in the cherty fine-grained limestones but not in the cherty
wackestones and dolomitic wackestones.

It is possible that breakage

or replacement obscured or removed the spicules in the wackestones
during diagenesis.

Delicate fossils preserved in the chert nodules but

not in the surrounding limestone and dolomite also illustrate early
silicification.

Dolomite rhombs in chert nodules suggest dolomitization

as early as silicification, but apparently not as rapidly.
were not identified, although microcrystalline quartz-filled

Radiolarians
spheres

may be the remains of radiolarians.
The conditions suggested by the foregoing information are similar
to those of a depositional model proposed by Laporte (1969, p. 105 and
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figure 2, p. 100) for the Helderberg Group of New York State, where
terrigenous sediments from an eastern source spread onto the shelf
into a carbonate depositional area which shoaled westward onto the
craton.

Sponge spicules are found in the dark, argillaceous limestones

transitional between areas of carbonate and black shale deposition.
Chert occurs there in the area of spicule accumulation as well as
farther up dip in adjacent wackestones.
The chert in the study area is also concentrated in the dark
argillaceous limestones transitional between areas of terrigenous
sediments to the west-northwest and carbonates to the southeast on
the craton ( S e e figures 28 and 29).

It appears that silica from the

area of spicule, and possibly radiolarian, accumulation moved up dip
during compaction to replace fine-grained limestones along the way.
Perhaps orgainc matter assisted in the chert origin and localization
as bacterial decay of organic detritus lowered the pH sufficiently to
cause silica precipitation in a manner suggested by Namy (1974, p. 1267)
for the chert in the Marble Falls Group of Texas.
A check of thin sections of reconnaissance sections at Fairy Lake
and at Dryfork Creek in the Little Belt Mountains corroborates a spicule
source for silica.

The conspicuous lack of chert at Fairy Lake in the

section equivalent in age to the lower Allan Mountain Limestone likewise
is accompanied by very few spicules in the dense, fine-grained lime
stones which are similar, except for higher insoluble residue content,
to spicule-bearing beds in the study area.

Equivalent strata at Dryfork

Creek in the Little Belt Mountains have both chert and spicules.
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V.

CASTLE REEF DOLOMITE

The Castle Reef Dolomite was named by Mudge et al.

(J.962, p. 2015)

for excellent exposures on the dip slope of Castle Reef at Hannan Gulch.
The formation crops out on most ridge tops and dip slopes of mountains
with Mississippian exposures.

Variations in thickness of the formation

from 250 feet to 1,000 feet, as reported by Mudge
attributed to pre-Jurassic erosion in the area.

01972a, p. 38), are
Mudge ej: al. (1962, p.

2015) subdivided the Castle Reef Dolomite into an unnamed lower member
and the Sun River Member.
A.

Petrology and Depositional Setting of the Lower Member
The lower member of the Castle Reef Dolomite was designated by

Mudge, Sando and Dutro

01962, p. 2015) to include the dolomites, dolo-

raitic limestones, and crinoidal limestones forming the lower part of
the Castle Reef Dolomite on the ridge to the north of Diversion Lake.
According to Mudge (1972a, p. 38) the lower member varies in thickness
from 375 feet to 475 feet in the Sun River Canyon area.

He attributes

the variable thicknesses to changes in the stratigraphic position of the
base of the light gray dolomites of the Sun River Member as a consequence
of variable depths of penetration of the seepage refluxion dolomitization
which formed the Sun River Dolomite.

Exposures of the lower member of

the Castle Reef Dolomite can be measured and sampled at the following
locations:
Diversion Ridge
Home Gulch
Gibson Dam
Beaver Creek
Sheep Mountain
Arsenic Peak
Choteau Mountain
Middle Fork Teton River II

Mount Wright
Bums hot Mountain
Walling Reef II
Pentagon Mountain
Mount Richmond
South Fork Deep Creek
North Fork Deep Creek
Badger Creek Gorge
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The base of the lower member is a buff-weathering, fine-grained,
3- to 15 foot thick dolomite marker bed which weathers with conchoidal
fractures to form a sharp re-entrant above the underlying light gray,
massive bryocrinoidal beds of the upper Allan Mountain Limestone.

Fine-

and medium-grained, massive dolomitic limestone and limestone predominate
in the lower part of the member above the basal dolomite unit.

The

middle and upper parts of the member are mostly coarse-grained, bryo
crinoidal limestones alternating with layers of fine-grained, dolomitic
limestone and dolomite.

Figure 32 illustrates the lithologic and

petrographic character of the member at Diversion Ridge.

Figure 33 is

a photograph which shows the nature of the lower member on the east side
of Diversion Ridge.

Figure 34 illustrates the lithologic and petro

graphic character of the lower member at Mount Richmond.

As in the

upper Allan Mountain Formation, the massive limestones at Diversion Ridge
give way to cherty microcrinoidal limestones to the northwest at Mount
Richmond.
The fauna of the lower member is as well developed as that of the
upper member of the Allan Mountain Limestone.

The fauna, described by

Mudge, Sando and Dutro (1962, p. 2017) consists of elements assigned to
faunal Zone C.

The following marker fossils are those noted by the

writer:
Michelinia
Vesiculophyllum
Syringopora
Homalophyllites
Spirifer aff. S_. logani
Spirifer grimesi

Brachiopods are more useful for correlation because they are found
in all lower member exposures, except in the northern part, whereas the
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Figure 32.
Lithology and petrography of the lower member of the Castle
Reef Dolomite at Diversion Ridge.

Figure 33. Outcrop of the lower member of the Castle Reef Dolomite at Diversion Ridge. CR/AM, Castle
Reef Dolomite-Allan Mountain Limestone contact; SR/LM, Sun River Member-lower member of the Castle Reef
Dolomite contact. Roman numerals mark cycles.
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Figure 34. Lithology and petrography of the lower member of the Castle
Reef Dolomite at Mount Richmond.
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colonial corals are restricted to the southeastern part of the area.
1.

Facies Relationships of the Lower Member
Comparison of figures 32 and 34 shows a decrease in colonial corals

and grain size of crinoid fragments; an increase in chert, dolomite, and
crinoid grain sorting; and a change from massively bedded carbonates to
thin- and medium-bedded carbonates to the northwest.

A comparison of

the contacts of the sedimentation units is also noteworthy.

The sedi

mentation units at Diversion Ridge change abruptly from one type to
another, usually from bryocrinoidal limestones to dolomites, while those
at Mount Richmond change more gradually from cherty dolomites and dolomitic limestones at the base of a cycle to bryocrinoidal limestones at
the top of a cycle.

For further comparisons of the lower member, figure

41 illustrates the change in the lower part of the lower member in
sections from Lone Butte northward to Badger Creek Gorge.
Lithofacies maps based on field and thin section studies further
illustrate the facies relations.

Figures 35 and 36 are maps of cycles

IV and V as based on the ratio of bioclastic material to chert as
recorded in field studies.

The contour line on figure 35 has no value

because the variable chert content of the CR/AM marker bed masks the
chert content changes of the remainder of the cycle.

The line reflects

the northern boundary of massive carbonates and the change from large to
small crinoid grains.

Figures 37 and 38 are the same maps with the dolo

mite content, crinoid content, and crinoid size plotted at each location
studied by thin section examination.

With the exception of more dolomite

in cycle IV than in cycle V, the cycles are similar.

The facies maps

show a transition from the massive carbonates in the south to cherty,
microcrinoidal facies of the northwest.

When compared to the facies maps

77

Figure 35. Lithofacies map of cycle IV within the study area. The
line separating the facies is based on field observation of lithology
and crinoid grain size.
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Figure 36. Lithofacies map of cycle V within the study area.
contour line is based on the chert/bioclast ratios.

The
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Figure 37. Lithofacies map of cycle IV with the dolomite and crinoid
grain percentages and average crinoid grain size plotted for each
location with thin section studies. The contour line is the same as
shown on figure 35.
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Figure 38. Lithofacies map of cycle V with the dolomite and crinoid
grain percentages and average crinoid grain size plotted for each
location with thin section studies. The contour line is based on the
same chert/bioclast ratios as figure 36.

81

of cycles II and III (See figures 28 and 29), these maps (figures 35
and 36) show a more easterly trend of the facies and fewer facies types
for cycles IV and V.
2.

Environment of Deposition
By following the characteristics of the environments of deposition

in Macqueen and Bamber's classification, the lower member of the Castle
Reef Dolomite was deposited in a shallow-water, open sea where coarse
crinoid and bryozoan fragments accumulated on banks.
The finer grain sizes and better sorting of crinoid grains in the
Mount Richmond section, as compared to those of the Diversion Ridge
section, suggest that the banks occupied the southern part of the study
area and supplied crinoid debris to the north.

Sharp lithologic changes

and colonial corals in the Diversion Ridge section, compared to the
gradational lithologic changes and lack of colonial corals in the
Mount Richmond section, support this interpretation.

The upward

transition from dolomite to bryocrinoidal limestone in the cycles at
Mount Richmond reflects water depth changes or changes in seawater
chemistry.

The same cyclic nature is more subtle at Diversion Ridge

where those parts of the section with a high percentage of coarse
grained bryocrinoidal limestones are overlain by dolomitic limestones
and dolomites which may represent shoal conditions and high salinities.
Evaporites at this stratigraphic position in south-central Montana
(Andrichuk, 1955, p. 2173) demonstrate salinities high enough to cause
dolomitization at this time.

A more detailed discussion of the dolomite

marker beds follows.
3.

Dolomite Marker Beds
In view of the significance of the dolomites as regional marker beds
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a more detailed discussion is warrented.

There are 5, possibly 6 , dolo

mite marker beds within the lower member of the Castle Reef Formation
(See figures 32, 34, 40 and 41).

Of these the most important is the

dolomite marker bed, "CR/AM", separating the Castle Reef Dolomite and
the Allan Mountain Limestone throughout the study area.
The "CR/AM" marker bed and a sister dolomite 5-10 feet below
(figure 39 and figure 40) are recognizable in the field because they
weather as a double re-entrant below a massive, poorly sorted, coarsely
bryocrinoidal limestone from 3 to 10 feet thick in the southern part of
the area and above thin, poorly sorted, bryocrinoidal and dolomitic
limestones which grade downward into very massive, coarse-grained, bryo
crinoidal limestones (See figures 32 and 41).

Northward the coarse

grained limestones become progressively finer grained and darker in
color while the dolomite beds lose their sharp boundary and become more
cherty and laminated (See figures 26 and 41).
Insoluble residue study of the dolomite beds shows higher residues
in the marker beds.

Thin section examination shows a range in dolomite

crystal size from 10 to 30 microns with occasional crystals up to 50
microns in size.

The crystals are equigranular in size and have a sub-

hedral to anhedral crystallization texture.

Potassium ferrocyanide

staining of the thin section shows a lack of ferroan dolomite.

Other

thin section constituents include silt-size quartz grains and clay.
The marker beds appear to have originated through a combination of
cyclic sedimentation and evaporite sedimentation.

The presence of six

anhydrite bearing cycles in the Amerada and General Petroleum # 2 Hougen
well, as shown by Andrichuk (1955, p. 2173), in strata correlative with
the lower member suggests some relation in the cycles and dolomites of
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the two areas.

A drop of sea level yielded an influx of terrigenous

sediment and a rise in salinity.

While anhydrites and very fine-grained

dolomites were deposited on the inner shelf supersaline waters on the
outer shelf reacted with calcite to form the fine-grained dolomite marker
beds of the study area.

As sea level rose during the marine phase of

the cycle, normal marine bryocrinoidal sedimentation resumed in the
study area.

Dolomitization by this method explains the absence in the

study area of the shallow-water indicators, such as algal stromatolites
and mudcracks, expected in supratidal dolomitization.
The nonpersistent, low residue, dolomitic limestones and dolomites
in the lower member at Diversion Ridge (See figure 32) appear to be
local bryocrinoidal bank margin or interbank fine-grained limestones
deposited during normal marine conditions and dolomitized by seepage
refluxion later during deposition of the dolomite marker beds under
hypersaline waters.
Regionally the CR/AM marker bed was tentatively identified at Fairy
Lake, the Little Belt Mountains, Big Belt Mountains and in the Little
Rocky Mountains at the contact of the Lodgepole and Mission Canyon
Formations.

The dolomite content is less in the Little Belt Mountains

and the Big Belt Mountains but the same at Fairy Lake.

The second dolo

mite marker bed at Crowsnest Pass may be the CR/AM marker bed.
The dolomite marker bed X, at the top of cycle IV, was tentatively
identified at the top of the first massive unit above the Lodgepole
Formation at Fairy Lake, the Big Belt Mountains, Little Belt Mountains
and Little Rocky Mountains.
Crowsnest Pass.

It may be the third dolomite marker bed at

More work, particularly on the fauna, is needed.

Study up to this point demonstrates that the dolomite beds are the
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most reliable correlation tool for the Castle Reef Formation.
B.

Sun River Member
The Sun River Member includes the white*- to light gray-weathering,

dolomitic limestone forming the top of the Mississippian section in
the Sawtooth Range.

This the uppermost formation of the Madison Group

was first named the Sun River Formation by Chamberlain (1955, p. 78-79).
Its stratigraphic rank was formally changed to that of a member of the
Castle Reef Dolomite by Mudge, Sando, and Dutro (1962, p. 2017) because
the lithologic boundary with the lower member is variable and therefore
the member is not a cartographic unit.
Since the writer devoted little time to measuring and sampling the
Sun River Member during the course of study, Mudge's description (1972a,
p. 39) is presented:
"The Sun River Member contains thin to thick beds of very
fine- to medium-crystalline dolomite, and locally, some
interbedded calcitic dolomite. These beds are light to
medium gray and characteristically weather a very light gray.
Many of the lower beds contain thick lenses of encrinite,
some of which are coarsely crystalline. Even though these
are pure dolomite, the relict structure of the crinoid
columnals is preserved.
Some of the dolomite beds contain
well-preserved, silicified corals and brachiopods, suggest
ing that dolomitization followed silicification. Light
gray to gray-brown chert nodules and quartz- and calcitelined geodes are common, especially in the upper part."
According to Mudge et al. (1962, p. 2017) the Sun River Member is
the most difficult unit to work with because it is not always litho
logically separable from the lower member.

At Hannan Gulch it is dolo

mite while the lower member is mostly limestone.

To the west, at Gibson

Peak, most of the lower member is also dolomite.

Field work by the

writer shows that dolomitization occurs farther down into the lower
member of the Castle Reef Dolomite on a line including Allan Mountain,
Gibson Peak, Arsenic Peak, Teton Peak and Corrugate Ridge, a position
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close to the western margin of the massive carbonate facies of the Allan
Mountain Limestone.

Farther northwest and west, from Lone Butte to

Mount Richmond, the extent of dolomitization of the lower member is
similar to that at Diversion Ridge.
Mudge, Sando and Dutro (1962, p. 2018) assign the fauna of the
Sun River Member to faunal Zone D on the basis of the presence of
Faberophyllum, Perditocardinia, and Lithostrotion (Siphonodendron).
The dolomite in all sections appears to be a product of seepage
refluxion dolomitization by brines from contemporaneous Charles
evaporite sedimentation reported by Fish and Kinard (1959, p. 53)
in eastern Montana and in the Fairy Lake area of southern Montana
(Andrichuk, 1955, p. 2179) . The writer proposes, on the basis of evi
dence presented by Mudge et al.

(1962, pp. 2010-2011) showing dolomit

ization farther down into the Castle Reef Dolomite as the amount of preJurassic erosion increases westward in the vicinity of Gibson Lake, that
dolomitization was controlled by the interaction of saline and fresh
waters during uplift, a condition similar to the "dorag" dolomitization
model described by Badiozamani (1973, p. 978) for the Middle Ordovician
dolomites of Wisconsin.

Support of this thesis is shown on unpublished

maps by Wilson and Rone (Wilson, Per. comm., 1972) which show that
Mission Canyon dolomites, at least partly equivalent to the Sun River
Member, are distributed around the Sweetgrass Uplift in an arc which
swings southeastward from the Sawtooth Range to the Williston Basin,
a pattern which suggests dolomitization by the mixing of seawater and
ground water - the "dorag" model, or that magnesium leached during
pre-Jurassic erosion replaced carbonates down dip as in the "solutioncannibalization" model of dolomitization by Hanshaw et_ al^. (1971, p. 717).
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VI.

CYCLIC SEDIMENTATION

The utility of sedimentary cycles in establishing the facies
changes and correlations of this study, as well as the emphasis placed
on cyclic sedimentation in other studies of Mississippian rocks in
Montana (Laudon and Severson, 1953; Wilson, 1969; Smith, 1972a and
1972b) necessitates discussion of the cycle character.
According to Weller (1930, p. 99) a sedimentary cycle is defined
as a recurrence, repetition, or return to a starting point of sedimen
tation, repeated at more or less regular intervals.

Studies of cyclic

sedimentation in the United States began with the study of Pennsylvan
ian cyclothems by Weller (1930) and Moore (1931).

Pennsylvanian cyclo-

thems were easily recognized because they are widespread and involve
alternation of marine and nonmarine sediments.

Although more difficult

to detect, sedimentation cycles in marine rocks has taken place during
the past 35 years in studies such as those by Wanless and Patterson
(1952), Spreng (1953), and others.

Cycles have been detected in

carbonates by studying lithologic changes (Spreng, 1953) , textural
changes (Mckee, 1960), fauna, grain diameter, insoluble residues, and
the frequency of detrital quartz grains in thin section (Carozzi,
1954).

Cyclic sedimentation can also be recognized in nonmarine

rocks by noting compositional and textural variations and lag con
glomerates above a disconformity (Mckee, per. comm., 1972).
The geographic extent of sedimentary cycles is the most important
aspect of cycle study because the extent of the cycle must be known in
order to establish the cycle-forming process and the utility of cycles
for regional correlation.

Cycles formed by world-wide sea level changes

are good correlation bases for determining facies relationships and
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checking the utility of index fossils as time-stratigraphic indicators.
In order to decipher the origin of sedimentary cycles, recognition
of the cycle extent is important.

The simplest cycle type is one formed

by the interplay of coarse-grained sediments of a tidal channel with
fine-grained sediments of a tidal flat.

There are also those of a more

regional extent formed by tectonic changes which create pulses of
clastic sediment or changes of wave and current energy as the water
depth changes within a basin.

Cycles of wide geographic extent have

formed during eustatic changes of sea level caused by continental
glaciation.

With the more recent implications of continental drift and

sea floor spreading, it is conceivable that many eustatic changes are a
consequence of ocean basin volume changes attributed to variations in
sea floor spreading rates.

It is also feasible that cycles were formed

by climatic changes which would yield variations in the abundance and
distribution of plants and animals and the associated sediment production.
There are many pitfalls in reconstructing the lateral extent of a
cycle.

Among the most obvious are local lacunas in the sedimentary re

cord and shifts in the local sedimentation patterns which can be super
imposed upon a regional or world-wide cycle.

Clearly, successful study

of cycles must entail close control in a small area to establish re
lationships with cycles of other areas with any degree of confidence.
A.

Cycle Types
Of the six cycle types described by Spreng (1953, p. 677-678) at

Sunwapta Pass, only three, cycle types B, E and F, are present in the
study area.
A common but simple cycle type, similar to cycle type B of Spreng
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(1953, p. 6771, occurs in the lower and middle members of the Allan
Mountain Limestone.

It consists of dense, fine-grained limestone beds,

3 to 18 inches thick, alternating with laminated, shaly-weathering
limestones of equal thickness CSee figure 4).

The contact between the

two is sharp and frequently marked by thin chert beds.

The laminated

limestone usually contains more insoluble residue, dolomite rhombs, and
dense gray to black chert nodules and thin chert layers.

The dense

limestones usually contain tan chert nodules, layers and lenses, little
insoluble residue and monaxon sponge spicules.
persistent across the outcrop (See figure 5).

The cycles are very
The evenness of bed

thickness and persistence suggests that the spicular beds accumulated
during clear quiet conditions and the laminated layers were deposited
as currents swept terrigenous matter into the area due to sea level
changes, climatic variations, or tectonic activity in the orogenic belt
to the west.
In an effort to determine the horizontal extent of this cycle type
the number of laminated-dense limestone couplets in different outcrops
was counted.

The following are comparisons for unit 2 of the lower

member and for the lower part of the Middle Member of the Allan Mountain
Limestone:
Unit 2, Lower Member Allan Mountain Limestone
Pentagon Mountain
41 couplets
Dense bed av. 7.8"
Laminated bed av. 6.0"

South Fork Deep Creek
39 couplets
Dense bed av. 10.5"
Laminated bed av. 8.5"

Middle Member Allan Mountain Limestone
Cave Mountain
Allan Mountain
99 couplets
98 couplets
Dense bed av. 11.9"
Dense bed av. 10.1"
Laminated bed av. 4.0"
Laminated bed

Gibson Lake
96 couplets
Dense bed av. 8.4"
av. 4.4"
Laminated bed

ab. 6.8"
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The number of couplets is very close considering the problems of
transitional contacts at the base and top of the units and the exposure
of couplets to different types of weathering.

The similar number of

couplets strongly suggests cycle continuity within the area.

However,

a check of the number of couplets in strata of the Big Belt Mountains
shows only 83 couplets in strata considered equivalent to the middle
member.

What appears to be a minor disconformity at the top of the unit

may explain the lower number of couplets in the Big Belt Mountains.
Only six couplets are present in unit 2 at Beaver Creek in the Big Belt
Mountains.

A disconformity occurs there at the base of unit 2.

In both

cases an insignificant appearing disconformity may represent a substant
ial hiatus in the sedimentary record if the cycle forming mechanisms
were regional.
Thicknesses of the dense and laminated parts of the couplets were
also compared in order to determine directions of change within the
middle member.

The laminated layer thins from 4.0-6.8 inches within

the study area to shaly

partings one-half inch thick at Beaver Creek.

The laminated layers of 29 couplets in the middle of equivalent strata
in the Little Belt Mountains at Dryfork Creek average 3.8 inches in
thickness.

Perhaps the thinner layers were deposited on positive areas

while the thicker layers were deposited in a more basinal position or
even closer to the sediment source area.
Since description of the couplets and their thicknesses occurred
early in the study, before the idea of regional comparisons, further
study is needed.

Substantiation of the similarity in couplet number

would suggest regional control over couplet distribution and origin.
A second cycle type, similar to cycle type E of Spreng (1953, p.
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678) , consists of alternations of two types of limestone, usually fine
grained gray limestones alternating with light gr a y , crinoidal limestones
(See the 115'-135' interval in figure 40).

The dark layers vary from 2

inches up to 15 inches and the crinoidal bands range from 3 inches up to
24 inches.

It occurs most commonly in the massive carbonate facies,

particularly in the Allan Mountain Limestone.

It appears that crinoid

debris was periodically swept out into areas of lime mud deposition, or
crinoid gardens, which spread under favorable donditions, were restrict
ed under unfavorable conditions.
The other cycle type, designated cycle type F, or megacycle, by
Spreng

(1953, p. 678), consists of repetitions of a transition from

argillaceous dolomites upward to fine-grained, cherty limestones and
capped by coarse-grained bryocrinoidal limestone.

These cycles are

present and were studied within the upper middle member and upper member
of the Allan Mountain Limestone and within the Castle Reef Dolomite.
The cycles are discernable on photographs where the fine-grained, cherty
limestones appear as a dark band while the coarse-grained, bryocrinoidal
limestones appear as a light massive band.

The dolomite beds at the

base weather to form re-entrants on the outcrop.

Figure 39 is a photo

graph of the middle and upper members of the Allan Mountain Limestone
and lower member of the Castle Reef Dolomite at Home Gulch.

The

photograph shows cycles II through VII which were traced southward from
Mount Richmond.

Cycle I is not clearly shown here and cycle IV does not

show the characteristics of the remaining cycles.

The following cycle

discussion will be on this, the megacycle type.
B.

Cycle Characteristics
Cycle characteristics change within the area as the facies change.

Figure 39. Cycles in the Allan Mountain Limestone and lower member of the Castle Reef Dolomite on the
north side of the Sun River at Home Gulch. CR/AM, Castle Reef Dolomite-Allan Mountain Limestone contact;
SR/LM, Sun River Member-lower member of the Castle Reef Dolomite contact. Cycles are marked by a solid
line with a Roman numeral; minor cycles by a dashed line.
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Figure 34 shows the lithologic and petrographic character of cycles IV
and V in the cherty, microcrinoidal carbonate facies at Mount Richmond.
Cycle IV is broadly defined by the upward transition from laminated,
cherty dolomites and dolomitic limestones to medium-bedded, crinoidal
limestone at the top.

The basal beds contain more terrigenous material

and poorer sorting of crinoid grains.

Cycle V exhibits most of the same

characteristics as cycle IV except for the lack of dolomitization of the
basal beds.

The thin-bedded, cherty limestones at the base are mudstones

and wackestones with productid brachiopod spines, spicules and fine
bryozoan debris.

The spicules in particular indicate deeper waters.

The increase in crinoid size and crinoid grain content toward the top
is a diagnostic feature of cycles in this facies.
Figure 40 shows the lithologic and petrographic characteristics of
cycle III in the massive carbonate facies at Diversion Ridge.

The base

of the cycle is placed at the bottom of the dolomite marker bed which
contains much silt and clay insoluble residue.

The overlying medium-

bedded limestones consist of alternating fine-grained, cherty wackestones
and crinoidal grainstones.

The next part of the cycle is a light gray

weathering, massive limestone of crinoidal grainstones and packstones.
The upper part of the cycle is marked by dolomitic limestones which
increase in dolomite and terrigenous materials upward.
cycle is placed at the base of the dolomite marker.

The top of the

Although the interval

between that of cycle III and the CR/AM marker bed is considered here a
minor cycle of cycle IV, it may be a minor cycle of cycle III or even a
major cycle.
The most significant features for field recognition of cycles in
the massive carbonate facies are the dolomite marker beds at the base and
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the light-colored, massive limestones (.figure 40) in the upper part
of the cycle.
Cycles are marked in the cherty carbonate facies by very cherty
dolomites and dolomitic limestones in the base of the cycle.

The

upper part of the cycle frequently contains brachiopods and solitary
corals.

The most reliable method of cycle determination in the cherty

carbonate facies is by thin section study which assists in dolomite
identification.

Minor cycles make cycle determination difficult.

Cycle recognition in the dark, cherty carbonate facies at Badger
Creek Gorge (See cycle III in figure 41) relies on the presence of
dark gray to black dolomite and dolomitic limestone beds in the lower
part of the cycle and small amounts of crinoid debris in the upper part.
Cycles are marked on all photographs and sections of the upper
Allan Mountain Limestone and the lower member of the Castle Reef
Dolomite.
C.

Number of Cycles and Lateral Extent
The writer identified seven major cycles ranging in thickness from

35 feet to 150 feet in the interval from the Middle Member of the Allan
Mountain Formation to the base of the Sun River Member of the Castle Reef
Dolomite.

As tracing of these large cycles progressed it became evident

that minor cycles may be present within the larger cycles of the Allan
Mountain Limestone.

Minor cycles were noted in the massive carbonate

facies, the cherty microcrinoidal carbonate facies and the microcrinoid
al carbonate facies.

In each area they are identified by the dolomitic

base and high content of bioclastic material, particularly crinoids, at
the top of the minor cycle.

The sample spacing is too great for petro

graphic examination to define the minor cycles and thereby determine
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Figure 40. Lithology and petrogrpahy of cycle III in the Allan
Mountain Limestone at Diversion Ridge.
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whether they are regional.

The minor cycles are designated by dashed

line and the major cycles by Roman numeral in all figures of the middle
and upper members of the Allan Mountain Limestone and the lower member
of the Castle Reef Dolomite.
Figure 41 shows the lateral relations of cycles I through V from
Badger Creek Gorge to Lone Butte.

This figure and figures 24, 26, 32,

and 39 show that all cycles, except cycle I, are identifiable in all
facies throughout the area.

The most difficult facies for cycle identi

fication is the massive carbonate facies in the southeastern part of the
area.

It appears that bryocrinoidal banks developed in this facies.

The lateral changes from bank to interbank lithologies hinder cycle
recognition.

Gibson Dam is an example where cycles IV and V were not

differentiated because crinoidal limestones are present at the position
of dolomite marker bed X which marks the base of cycle V in the massive
carbonate facies.
The lateral change of cycle characteristics throughout the area
makes it difficult to recognize diagnostic features for individual
cycles.

The only generalizations which seem to hold throughout the study

area are the high dolomite content of cycle IV and the low dolomite
content of cycle V.
D.

Cycle Origin
A consideration of the physical conditions which produced the

characteristics of cycle III at Diversion Ridge (figures 40 and 42)
shows the cycle origin.

The basal dolomite marker beds

(104 feet to

106 feet in figure 42), particularly in the massive carbonate facies,
formed in shallow water.

Apparently as the water shoaled the sea

became hypersaline and terrigenous sediment increased, both of which were

Figure 41.

Cycles I through V from Lone Butte to Badger Creek Gorge.

Key to symbols in figure 16.
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Figure 42.
Comparison of cycle characteristics of the Rig Snowy
Mountains with those of the Sawtooth Range.
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unfavorable for normal marine bryocrinoidal sedimentation.

Anhydrite

in equivalent strata to the southeast (Andrichuk, 1955, p. 2173, figure
2) shows that high salinitiy existed on that part of the shelf.
The massive, poorly sorted bryocrinoidal beds above the marker beds
C106 feet to 111 feet in figure 42) in the southern part of the area
mark the beginning of normal marine sedimentation.

The poorly sorted

crinoid debris and the large whole brachiopods show limited current and
wave action in the area or accumulation near wave base.

The absence of

these beds in the northern part of the area is ascribed to deeper water;
however, turbidity associated with the increase in terrigenous materials
to the north, instead of deeper waters, may have inhibited crinoid and
bryozoan growth.

The best development of the massive bed occurs above

the "CR/AM" marker bed southeast of a line connecting Pentagon Mountain
and Mount Wright.

Cycles I, II, V, VI and VII usually do not have this

bed above the basal dolomite bed.
The lower part of the overlying, fine-grained, cherty wackestones
(111 feet to 130 feet in figure 42) probably represents the deepest water
sedimentation of the cycle.

Delicate fenestrate bryozoan and brachiopod

debris are most abundant in this part of the cycle.

Monaxon sponge

spicules at this position at Mount Richmond lend support for a deep
water interpretation for this part of the cycle.

The increase in crinoid

debris and sorting in the massive limestones of the clear water, shoal
ing phase (130 feet to 176 feet in figure 42) is attributed to bioclast
reworking by waves and currents.

Shoaling is attributed to bioclast

accumulation and sea level drop.

Shoaling continued while the salinity

and terrigenous sediments began to increase sufficiently to inhibit
bryozoa and crinoid growth.
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Although the foregoing discussion inferred water depth changes, it
is interesting to note that the most northerly occurrence of Syringopora
is in beds beneath the shallow-water phase dolomite marker beds at Bumshot Mountain, only 12 miles farther north than specimens in the deep
water phase at Cave Mountain.
difference in water depth.

The horizontal separation suggests little

However, it must also be considered that

increases in terrigenous material and the salinity during the shallow
water phase were probably not optimum for coral growth.
The depositional environments inferred by each part of the cycle
suggest that the cycle started during a shoal phase with supersaline
water, terrigenous sediment and dolomitization.

As sea level rose, or

the area subsided, normal marine sedimentation began.

The sea deepened

until wackestones with fenestrate bryozoans, chert and sponge spicules
accumulated near wave base.

A clear water, shoaling phase created by

bioclast accumulation and lowering of sea level yielded the coarse,
better-sorted bryocrinoidal sediments of the massive part of the cycle.
The upper part of the cycle was deposited during a shoaling phase with
increasing terrigenous sediment and increasing salinity.
Cycles in the northern part of the area have an increase in bio
clastic sediment and a decrease in dolomite from the cycle base.

The

fine bryocrinoidal debris was swept from the southeast by currents.
In summary, the cycles record sea level changes which influenced
seawater chemistry and the transport of terrigenous material.
E.

Comparison with Cycles of Other Areas
South central Montana is the closest area with documented Mississip

pian cyclic sedimentation.

Wilson (personal communication, 1972) has

traced 7 or 8 neritic cycles in the Lodgepole Formation from the Bridger
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Range to the Big Snowy Mountains.
Wilson's ideal cycle in the Big Snowy Mountains

(figure 42) begins

with a silty mudstone, frequently dolomitized, over a disconformity.

A

normal marine phase of thin-bedded bioclastic mudstones and wackestones
follows.

Where the mudstones are absent fossiliferous wackestones

occupy the base of the cycle.

A transition from crinoidal grainstones

to well-sorted oolitic and crinoidal grainstones completes the cycle.
A comparison of Wilson's Timber Creek cycle (in Jenks, 1972,
figure 14) in the Big Snowy Mountains with cycle III at Diversion Ridge
(figure 42) shows the parallel in cycle characteristics.

Each cycle

begins with a clastic phase of silty dolomites and changes to shelly
wackestones.

The more massive and bryocrinoidal limestones above the

dolomite bed seem to indicate a more rapid return to normal salinity,
probably because the waters were deeper, within the study area.

The

clear water shoaling phase at Timber Creek begins with crinoidal grain
stones and quickly grades up into the red oolitic limestones whereas the
clear water shoaling phase in the study area begins with wackestones and
ends with bryocrinoidal grainstones and packstones.

The cycle is termi

nated by a disconformity in the Big Snowy Mountains.

It is likely that

the terrigenous sediment and dolomite of the study area formed during
the hiatus represented by the disconformity in the Big Snowy Mountains.
Although Wilson was able to recognize 7 or 8 cycles in the lodgepole Formation in the Big Snowy Mountains, the writer was only able to
differentiate 3 cycles in the equivalent Allan Mountain Limestone of the
Sawtooth Range.

The difference in number of cycles is illustrated by

lithologic and petrographic examination by the writer of exposures in

101

the Little Belt Mountains at Dryfork Creek where Wilson (per. comm.,
1972) and the writer recognize 3 cycles in the upper part of the first
cliff which is similar in thickness and stratigraphic position to cycles
I and II in the study area.
The discrepancy in the number of cycles may be attributed to two
causes, first, the minor cycles in the study area may in reality be
the lateral expression of some of Wilson's cycles and, second, changes
in water depth and salinity in the deeper water of this area did not
leave a record which could be detected by using the techniques and
sample interval of this study.

Perhaps the supersaline conditions

responsible for dolomite beds at the base of cycles in the Big Snowy
Mountains did not extend into the study area during deposition of minor
cycles in the Allan Mountain Limestone.
Spreng

(1953, p. 675 and figure 8) in studies at Sunwapta Pass,

Alberta, identified 16 cycles with a black shale base and medium-bedded
to massive limestone top in the interval from the base of the Banff
Formation to beds bearing the Spirifer grimesi - S_. rowleyi brachiopod
complex which occurs in cycles III, IV and V of the study area.
far exceeds the number of cycles in the study area.

This

Apparently slight

modification of conditions in the sea induced a change from shale to
carbonate sedimentation in the Sunwapta Pass area, changes which left
little or difficult to detect variation in the rocks of the study area.
However, exposures with chemical weathering predominating, such as at
Choteau Mountain (figure 43), show dark bands which might correlate with
the black shales at Sunwapta Pass.
for comparison.

At this time there is little basis

Study of exposures in southwestern Alberta will be

necessary to show the changes between Sunwapta Pass, Alberta and the
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Figure 43.
Dark and light bands of limestone in the Madison Group
at Choteau Mountain.
CR/AM, Allan Mountain Limestone-Castle Reef
Dolomite contact.
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Sawtooth Range.
McKee, (1960, p. 231) by noting textural differences, recognized S
cycles in the Mooney Falls and Horseshow Mesa members of Redwall Lime
stone in northern Arizona.
of each cycle.

He used aphanitic limestones for the base

By considering the coarse-grained limestone beneath his

first aphanitic limestone as the top of a first cycle, as is the proceedure in this study, 6 cycles are present there.
occur in rocks considered to be Osage in age.

Five of these cycles

This compares with 7

cycles recognized in what is regarded as Osage age rocks in the study
area.

The closeness in number of cycles makes a comparison tempting but

the great distance between the areas makes it unwarranted.
In summary, a superficial comparison of the areas leads to the
conclusion that the cycles are characteristic of each basin or a portion
of a basin.

In reality the number of cycles recorded in each study

appears to differ with the criteria and detail imposed by the investiga
tion as much or more than the actual tectonic and sedimentation changes.
Intervening areas must be studied for more accurate comparisons.
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VII.

CONCLUSIONS

A . Changes in Stratigraphic Nomenclature
The writer proposes division of Mudge's Lower Member of the Allan
Mountain Limestone into a basal fossiliferous limestone, the Brownback
Gulch Member (new name), and the silty limestone member.
B.

Depositional Patterns of the Allan Mountain Limestone

1.

Basal Fossiliferous Limestone Member (Brownback Gulch Member)
The change in lithology of the basal fossiliferous limestone member

from dolomitic limestones in the Little Belt Mountains to argillaceous,
fossiliferous limestones in the northwestern part of the study area,
thence to the cherty, argillaceous limestones at Lone Butte, and finally
to the carbonaceous , slightly fossiliferous limestones at Mackay, Idaho
indicates deposition on a shelf in waters which deepened to the west.
The glauconitic limestones at Lodgepole in the Little Rockies and report
ed throughout the Williston Basin suggest slow sedimentation for the
member in that area.
The vertical changes of the member within the area indicate a
transgression beginning with slow carbonate sedimentation with accumu
lation of glauconite and quartz grains above a regional disconformity,
continuing with deposition of nodular, argillaceous limestone and ending
with deposition of the thick limestone beds in the middle of the unit.
The lithologic changes in the southern part of the area show shoaling
beginning with cherty, argillaceous limestone and terminating with a
bryozoan and crinoid-rich, Waulsortian-type reef with occasional reddish
lithoclasts near the top.

The top is a disconformity with a thin lag
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deposit of crinoid grains and lithoclasts with a black coating.
2.

Silty Limestone Member
The silty limestone member may usually be divided into three units.

The black, quartz-rich, silty shale (unit 1) at the base was deposited
as the sea transgressed to form a shallow arm of the sea with restricted
circulation, or during the resumption of sedimentation within the area
after a period of sediment bypass which formed the disconformity at the
base.
The overlying, cyclic dense and laminated, black cherty limestones
of unit 2 formed as the seas cleared or circulation improved.

Finally,

the silty unit 3 was deposited as detrital material was swept into the
area.

The increase in shaly material, particularly silt-size quartz, of

this unit to the west at Pentagon Mountain and Lone Butte, as well as to
the north at Crowsnest Pass, suggests a westerly or northwesterly source.
However, the increase could be attributed to deeper water sedimentation
with less carbonate contribution to the west and northwest.
3.

Middle Member
The spicule-rich, fine-grained limestones above the lower member

were probably deposited below wave base on the continental shelf as the
waters cleared and before shoaling developed sufficiently for the
deposition of the overlying bank-like bryocrinoidal beds of the upper
member.
4.

Upper Member
The transition from skeletal, bryocrinoidal, carbonate muds at the

base of the middle member to bryocrinoidal grainstones at the top of
the Allan Mountain Limestone illustrates a general shoaling with deposi
tion starting in waters near wave base and continuing until bank-like
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bryocrinoidal accumulations formed.

The changes occurred in a pulsating

manner to form cycles I, II and III in the section.

The facies change

to the northwest from massive carbonates with colonial corals to the
cherty, finer-grained carbonates is interpreted as a transition from
shallow water bank sedimentation to deeper water sedimentation, possibly
on the shelf margin.

The cherty carbonate facies received carbonate mud

from the bank area at a rate greater than currents and wave action could
remove.

Apparently the rate of carbonate mud removal was greater than

addition in the microcrinoidal limestone facies from Pentagon Mountain
to Mount Richmond.

The black, cherty carbonate facies at Badger Creek

Gorge lay beyond the range of crinoid debris transport, but probably
still on the craton since the units do not thicken.

The thinness of

the members, when compared to those at Crowsnest Pass, supports this
interpretation and leads to the conclusion that the entire study area
was on the craton during Allan Mountain sedimentation.

Possibly the

thinness of the members reflects less subsidence due to the influence
of a positive area such as the Cambrian "Montana Island" of Walcott.
C.

Depositional Pattern of the Lower Member Castle Reef Dolomite
The depositional pattern was similar to that of the upper part

of the Allan Mountain Limestone, but shallower with a change in
depositional strike to a more easterly trend.

The grain size of the

crinoid debris decreases and the sorting increases to the north.

Sedi

mentation in the southern part of the area was mostly on bryocrinoidal
banks and in the carbonate mud areas between.

The cherty, microcrinoid

al facies to the north formed as bryocrinoidal debris was swept into
deeper water from the bryocrinoidal banks.
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D.

Cyclic Sedimentation
Cycles of sedimentation were recognized with some difficulty

throughout the area.

Of the seven megacycles first recognized at Mount

Richmond and Diversion Ridge, the first five were traced throughout the
area.

Cycles are difficult to trace in the Gibson Lake area, except

by the use of dolomite marker beds, because the bryocrinoidal bank-like
sedimentation in the top of the cycles was more variable and localized.
Cycles are also difficult to trace through the cherty facies where
little bioclastic material and minor cycles complicate correlations.
The distribution of brachiopods and solitary corals, along with the
recognition of dolomite and fine bioclastic material in thin sections,
assists cycle definition in the cherty carbonate facies.
Since cycles were traced from the massive carbonate facies north
ward through the cherty carbonate facies and microcrinoidal carbonate
facies to the dark, cherty carbonate facies at Badger Creek Gorge, the
cycles were apparently formed by processes which influenced the entire
area.

Therefore cycle tops and bottoms are the best approximators of

isochronous surfaces and are therefore useful for correlation and facies
studies.
A cycle was initiated with the development of dolomite as shoal
conditions in response to sea level drop, and possibly aided by increas
ed sediment production from biogenic activity, led to an influx of
terrigenous material and higher salinities which favored dolomitization.
The cherty wackestones in the middle of the cycle suggest deeper, normal
marine conditions.

Higher rates of bryocrinoidal debris accumulation,

as well as a drop in sea level, created shoaling as the massive bryo
crinoidal packstones and grainstones formed in the clear water shoaling
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phase.

Shoaling continued as terrigenous material and dolomite increas

ed in the top of the cycle to the base of the dolomite marker bed of the
next cycle.
Cycles within the area record sea level changes and associated sea
water chemistry changes as well as changes in terrigenous sediment input.
Whether the sea level changes were eustatic or due to tectonic activity
within the basin is a question which will be answered when cycle studies
in other parts of the Cordilleran area and the world are integrated.
E_.

Dolomites

1.

Thin Section Character
Thin sections of dolomites show evidence for dolomitization after

sedimentation for all dolomites except portions of the silty dolomite
marker beds.

Dolomite rhombs occur within and between fossil fragments

and, as the extent of dolomitization increases the fossil fragments are
replaced by dolomite rhombs until, in the highly dolomitic limestones,
even crinoid grains are corroded and replaced.

The size of dolomite

rhombs ranges from 10 microns to 250 microns, increasing in size as the
coarseness of the rock dolomitized increases.

The decrease or lack

of dolomitization in sparry cement or patches of chert suggests that
the dolomitization was later or slower.

Dolomite rhombs in chert show

that there was an overlap in the chert and dolomite formation.
sequence of dolomitization is:

The

fine-grained, argillaceous limestones;

thin bioclastic materials such as bryozoa and brachiopod debris; and
finally crinoid grains.

Apparently the finer grains offer more surface

area for the reaction while the relatively small surface area of
crystalline calcite and crinoid grains makes them less susceptible to
dolomitization.
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2.

Dolomite Origin
The dolomites of the area may have had several origins:

a)

Primary or early diagenetic.

This hypothesis of dolomite origin is

favored for the fine-grained, silty dolomite marker beds.

Supersaline

waters, formed during shoal conditions, acted as a source of magnesium.
The waters in the study area were deep enough to prevent the growth of
algal stromatolites as well as the development of lithoclasts, mudcracks
and oolitic limestones.

A source to the southeast is postulated for the

supersaline waters.
b)

Seepage refluxion.

An hypothesis of seepage refluxion of underlying

beds by supersaline fluids during the dolomite marker bed deposition is
favored for the dolomitic limestones below the dolomite marker beds.
Perhaps the marker beds as well as the dolomitic limestones were formed
by seepage refluxion as brines migrated down dip during Meramecian and
Chesterian anhydrite deposition to the southeast.

The northwestward

increase in dolomite may be attributed to seepage refluxion farther down
into the section as the strata thin on a structural positive area.
Seepage refluxion by waters enriched in magnesium leached by water
passing through crinoidal limestone, particularly the microcrinoidal
limestone in the northwestern part of the area, is suggested for the
dolomitization of beds beneath the crinoidal limestones.
c)

Dolomitization by ground water movement or ground water-seawater

interaction.

Dolomitization by ground water movement, or the interaction

of sea water and ground water, is suggested for areas which have almost
complete dolomitization down into the lower member of the Castle Reef
Dolomite where greater pre-Jurassic erosion of the overlying Sun River
Member has occurred.

Possibly "dorag" type dolomitization formed as
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ground waters irtoved down dip from the Sweetgrass Uplift or "Montana
Island".
F.

Chert Genesis
The association of monaxon sponge spicules, replaced by calcite,

in the cherty facies at the front margin of a terrigenous clastic wedge
is evidence that the silica in the chert was dissolved from spicules
and re-precipitated as chert.

Additional silica was probably supplied

from sea water, radiolarians and sediment.

An early chert origin is

suggested by the delicate fossil remains preserved in chert nodules but
not in the enclosing limestone and dolomite.

Ill
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